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Harris Marketing Support Services (HMSS), 1-800-4HARRIS 


HMSS provides world-class service to customers requiring information on all products offered by Harris 
Semiconductor. Ask Harris Marketing Support Services for answers concerning: 


¢ Product Identification ¢ Distributor Stocking Levels | 
¢ Availability ¢ Requests for Literature and Samples 
¢ Competitive and Obsolete Cross-Reference 


HMSS services are available from 8:00am to 8:00pm EST. Callers from outside the United States, dial 
(407) 727-9207. . 


HMSS is the initial contact for customers who need technical assistance with the selection and use of 
our products. Callers have the option to be connected directly to the Central Applications Group. 


Central Applications, 1-800-4HARRIS 


Ask our experienced staff of engineers for assistance with: 


¢ Device Selection 
¢ Specification Interpretation 
¢ Applications for Any Harris Product 


Central Applications serves you Monday through Thursday 8:00am to 7:00pm and Friday 8:00am to 
5:00pm EST. Callers from outside the United States dial (407) 727-9207. 


Central Applications’ knowledge of our portfolio can provide you with a total system design solution 
using the latest Harris devices! 
Electronic Technical Support 
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HARRIS POWER MOSFET PRODUCTS 


Harris Semiconductor is a pioneer in the development and production of discrete power prod- 
ucts for the most demanding applications in this world and beyond. This databook fully 
describes Harris Semiconductor's recently introduced Power MOSFETs and updates to other 
device types. 


Included are complete datasheets with product descriptions, product selection charts, quality 
and reliability information, and packaging and ordering information. Harris’ AnswerFax system 
is detailed in Section 10 showing how users may request the latest datasheets and have them 
delivered immediately via their own fax machine. 


This databook contains the datasheets of recently introduced products and also updates 
some of the datasheets in the POWER MOSFET DATABOOK DB223B. These datasheets 
contain the detailed specification for these products. In addition to the datasheets, Section 1 
lists page numbers for this databook and for DB223B. Section 2 provides selection charts for 
all the Power MOSFETs Harris manufactures. Section 3 through 7 contain the datasheets, 
each section representing a major product category. Section 7 highlights the new small outline 
products introduced in the SOP-8 package. Packaging information detailing the dimensions of 
the packages is provided in Section 9. Tape and Reel information is also provided in 
Section 9. 


Datasheet sections provide definitive ratings and characteristics for each major category of 
devices. Datasheets for individual devices are organized in numeric/alphanumeric sequence 
in each section. Because some devices are grouped to show similarity of functions or data, 
some individual types numbers may be out of sequence. The complete list of Harris Power 
MOSFETs are located in Section 1, General Information Alphanumeric Index, Section 1. 


Harris Semiconductor products are sold by description only. Harris Semiconductor reserves the right to make changes in 
circuitHarris Semiconductor products are sold by description only. Harris Semiconductor reserves the right to make 
changes in circuit design and/or specifications at any time without notice. Accordingly, the reader is cautioned to verify that 
data sheets are current before placing orders. Information furnished by Harris is believed to be accurate and reliable. How- 
ever, no responsibility is assumed by Harris or its subsidiaries for its use; nor for any infringements of patents or other 
rights of third parties which may result from its use. No license is granted by implication or otherwise under any patent or 
patent rights of Harris or its subsidiaries. 
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GENERAL INFORMATION 


Alpha Numeric Product Index 


DB223B DB316 


PAGE PAGE 

12.0A, 60V, 0.2502, N-Channel Power MOSFET............ 2... ccc eee ete e eeu aes 4-7 

14.0A, 100V, 0.18082, N-Channel Power MOSFET............ 0... 0.00 eee ee eee eee 4-7 

8.0A, 150V, 0.6002, N-Channel Power MOSFET.......... 2.0.0... cece eee ee 4-11 
9.0A, 200V, 0.4002, N-Channel Power MOSFET........... 200.0: e ee eee eens 4-11 
4.5A, 350V, 1.500, N-Channel Power MOSFET..........0.. 0.0... 00. eee eee ee eee 4-15 
5.5A, 400V, 1.0002, N-Channel Power MOSFET............ 0.0... ee eee eee eee 4-15 
4.0A, 450V, 2.0002, N-Channel Power MOSFET............00 cece cece eee nee 4-19 
4.5A, 500V, 1.5002, N-Channel Power MOSFET. ............ 2000: eee eee ee ee eee 4-19 
31.0A, 60V, 0.0802, N-Channel Power MOSFET...........0.0 0-00 eeeeee tence aces 4-23 
38.0A, 100V, 0.0552, N-Channel Power MOSFET......... Se hpasnid chee tie nate 4-23 
25.0A, 150V, 0.120, N-Channel Power MOSFET.........0.00 00 ccc cece e eee ees 4-27 
30.0A, 200V, 0.085Q, N-Channel Power MOSFET...............-..--. TiGalas Sane ones 4-27 
12.0A, 350V, 0.400, N-Channel Power MOSFET.............. 0-2 c ee eee eee eee 4-31 
14.0A, 400V, 0.3000, N-Channel Power MOSFET............. 0.000 ce eee eee eee 4-31 
11.0A, 450V, 0.500, N-Channel Power MOSFET..........0.0.0.c cece ceeeeeee ees 4-35 
12.0A, 500V, 0.400Q, N-Channel Power MOSFET............ 0.2. ccc cee ee eee 4-35 
3.5A, 100V, 0.6000, N-Channel Power MOSFET........... 0.02.0: e eee ee eee eens 4-39 
2.3A, 200V, 1.5002, N-Channel Power MOSFET....... ee he ee ere ee ee eee 4-44 
1.3A, 400V, 3.600, N-Channel Power MOSFET........... 2.2.02: eee ee eee eee eee 4-49 
6.0A, 100V, 0.300Q, N-Channel Power MOSFET. ........0..0. 000s cc ee cece eee eues 4-54 
3.5A, 200V, 0.8002, N-Channel Power MOSFET............ 0.0.2 eee eee eee 4-59 
2.0A, 400V, 1.8002, N-Channel Power MOSFET............. 2... eee eee eee ee eee 4-64 
1.5A, 500V, 3.0002, N-Channel Power MOSFET............ ae nr etree 4-69 
8.0A, 100V, 0.1802, N-Channel Power MOSFET....................200065 hanoe os 4-74 
5.5A, 200V, 0.400Q, N-Channel Power MOSFET...........-0 0.0 c cece cent eee enee 4-79 
3.0A, 400V, 1.0002, N-Channel Power MOSFET... .........0. 0 cece cece eee eens 4-84 


3.5A, 500V, 1.500, N-Channel Power MOSFET.......0.. 0.0.0... ce eee eee teens 4-89 
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i .. PAGE PAGE — 
2N6804 11.0A, 100V, 0.3009, Avatanche Rated, P-Channel Power MOSFET. ee . ‘. ae 5-3 + 
2N6849_ | 6.5A, 100V, 0. 3000, Avalanche Rated, P- Channel Power MOSFET. _ meee wee 5-8 . 
2N6851 4.0A, 200V, 0.8000, Avalanche Rated, P-Channel Power MOSFET..........0..-005. 813 = 
2N6895: 1.2A, 100V, 9.6500, P-Channel Power MOSFET. .......csecccsessessevsesveeerss S18 
2N6896- 6.0A, 100V, 0.6000, P-Channel Power MOSFET. .....c0.ccccceceeeeeseeeresseees S220 = 
2N6897 12:0A, 100V, 0:300Q, P-Channel Power MOSFET......0.-.00.c0sceeseeeeeeeeeeees 526 0 = 
2N6898 25.0A, 100V, 0.2002, P-Channel Power MOSFET..... or rer | oa 5-30 - 
2N6901 4 TA, 100V, 1.400Q, Logic Level, N-Channel Power MOSFET . Fist io rene 63 | . 
2N6902 12.0A, 100V, 0.2009, Logic Level, N-Channel Power MOSFET ....0....00c0cc0eeees OT = 
2N6903 1.0A, 200V, 3.6509, Logic Level, N-Channel Power MOSFET ...... phat A 
2N6904 8.0A, 200V, 0.6000, Logic Level, N-Channel Power MOSFET ..........6.. 60.000 .. 615 : 
BUZ11 30.0A, SOV, 0.0400, N-Channel Power MOSFET. .......00.cc00cccteeeeeseeeeeees AQ 
BUZ20 12.0A, 100V, 0.2002, N-Channel Power MOSFET......... ee eee 
BUz21 19.0A, 100V, 0.1002, N-Channel Power MOSFET. ....... 600. eceeeeeeeeeeeeeneees 4402 0 = 
BUZ32 9.5A, 200V, 0.4002, N-Channel Power MOSFET. ..... othadi eeeetntis tar moet ‘4407 
BUZ351 11.5, 400V, 0.4000, N-Channel Power MOSFET. .....0... 00. 0eeeeeeeeeeeereees @AI2 
BUZ41A 4.5A, 500V, 1.500Q, N-Channel Power MOSFET.............0 000 c cc cece eee ees wee ANIE | ; 
BUZ42 4.0A, S00V, 2.0002, N-Channel Power MOSFET. .. . = bs sh acces 20 oepaett ‘ i oe 4-120 - 
BUZ45 9.6A, 500V, 0.6002, N-Channel Power MOSFET............... Cena ce oe 4-125 a ae 
BUZ45A 8.3A, 500V, 0.8009, N-Channel Power MOSFET. ...........cccceseseeeer een enees 4129 oe 
BUZ45B 10.0A, 500V, 0.5002, N-Channel Power MOSFET........... oes Sikes oe ae canes 4-138 = 
BUZ60 5.5A, 400V, 1.0002, N-Channel Power MOSFET. .......¢00scsseteesecereeeeeenes 4137 
BUZ60B 4.5A, 400V, 1.5002, N-Channel Power MOSFET........... Fudd kde sie ncnes A 
BUZ71 14.0A, 50V, 0.1002, N-Channel Power MOSFET. See tias Aes oe ae nee 445 
BUZ71A 13.0A, 50V, 0.1200, N-Channel Power MOSFET. ...... 0... 0eee ees veraqetens oes) 480° a 
BUZ72A 9.0A, 100V, 0.250, N-Channel Power MOSFET. ........00sceseeeeeeeeeeeeeeeess A155 
BUZ73A 5.8A, 200V, 0.6002, N-Channel Power MOSFET. ......0.... Sao ao eae oe 
BUZ76- 3.0A, 400V, 1.8002, N-Channel Power MOSFET. ........-00cceeeeeeeeeeeeeesees 41630 - 
BUZ76A 2.6A, 400V, 2.5002, N-Channel Power MOSFET. . iran aes | seeeeeeesese 4167 + 
IRF 120 9.2, 100V, 0.2700, N-Channel Power MOSFET.........-00cc0eeceeeeeeteseeetee AATD 
IRF 121 9.2A, 80V, 0.270, N-Channel Power MOSFET. .......6..6.05 Anouamceeeewnie. 
IRF122 B.0A, 100V, 0.360, N-Channel Power MOSFET. ......0...00c0seeceeueeeese neues A171 - 
IRF123 8.0A, BOV, 0.3602, N-Channel Power MOSFET. ...... 00... 00 cee neeee reste anes 4171 
IRF130 14.0A, 100V, 0.1600, N-Channel Power MOSFET. 0.00.2... 0csceebeseeee eset eee 4176 - 
IRF130R 14.0A, 100V, 0.1602, Avalanche Rated, N-Channel Power MOSFET. PCr eee eee 4-176 - 
IRF131 14.0A, 80V, 0.1602, N- Channel Power MOSFET percha ast aimee sence als Ss zi 4-176 - Se 
IRF131R "14.0, 80V, 0.1609, Avalanche Rated, N-Channel Power MOSFET. i ase ge IO 5 
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PAGE PAGE 
IRF 132 12.0A, 100V, 0.230, N-Channel Power MOSFET............. 00 ccc cece eee nee 4-176 - 
IRF132R 12.0A, 100V, 0.2300, Avalanche Rated, N-Channel Power MOSFET................. 4-176 - 
IRF133 12.0A, 80V, 0.2309, N-Channel Power MOSFET............ 0.00.0 c ce eee eee eee 4-176 - 
IRF133R 12.0A, 80V, 0.2302, Avalanche Rated, N-Channel Power MOSFET.................. 4-176 - 
IRF140 28.0A, 100V, 0.0772, N-Channel Power MOSFET............. 0.0.0: cece eee eens 4-181 - 
IRF140R 28.0A, 100V, 0.0772, Avalanche Rated, N-Channel Power MOSFET................. 4-181 - 
IRF 141 28.0A, 80V, 0.0772, N-Channel Power MOSFET............ 0.0... eee eee eee ee eee 4-181 - 
IRF141R 28.0A, 80V, 0.0772, Avalanche Rated, N-Channel Power MOSFET.................. 4-181 - 
IRF142 25.0A, 100V, 0.100Q, N-Channel Power MOSFET........... 0.0.0 e eee eee eee ene 4-181 - 
IRF142R 25.0A, 100V, 0.1002, Avalanche Rated, N-Channel Power MOSFET................. 4-181 - J S 
IRF143 25.0A, 80V, 0.100Q, N-Channel Power MOSFET............. 000. ee eens 4-181 - ce < 
IRF143R 25.0A, 80V, 0.100, Avalanche Rated, N-Channel Power MOSFET.................. 4-181 - 2 = 
IRF150 40.0A, 100V, 0.055Q, N-Channel Power MOSFET............. 0.00 eee eee eee eee 4-186 - - ra 
IRF150R 40.0A, 100V, 0.055Q, Avalanche Rated, N-Channel Power MOSFET................. 4-186 - 
IRF 151 40.0A, 60V, 0.0550, N-Channel Power MOSFET............ 0.00: e eee eee eee eee 4-186 - 
IRF151R 40.0A, 60V, 0.0552, Avalanche Rated, N-Channel Power MOSFET.................. 4-186 - 
IRF152 33.0A, 100V, 0.0802, N-Channel Power MOSFET............. 0.0. e eee eee eee 4-186 - 
IRF152R 33.0A, 100V, 0.0802, Avalanche Rated, N-Channel Power MOSFET................. 4-186 - 
IRF153 33.0A, 60V, 0.0800, N-Channel Power MOSFET............ 0.00: e eee eee eee eee 4-186 - 
IRF153R 33.0A, 60V, 0.0802, Avalanche Rated, N-Channel Power MOSFET.................. 4-186 - 
IRF220 5.0A, 200V, 0.8002, N-Channel Power MOSFET............ 0.0: cece ee nee ee ences 4-191 - 
IRF221 5.0A, 150V, 0.8000, N-Channel Power MOSFET............ 00.0 cece ee nee eee eens 4-191 - 
IRF222 4.0A, 200V, 1.2000, N-Channel Power MOSFET............ 2-2: eee eee eee eens 4-191 - 
IRF223 4.0A, 150V, 1.2000, N-Channel Power MOSFET............. 0.0... cc ce eee eee eee 4-191 - 
IRF230 9.0A, 200V, 0.4000, N-Channel Power MOSFET.............. 02: eee e eee eee eee 4-196 - 
IRF230R 9.0A, 200V, 0.4000, Avalanche Rated, N-Channel Power MOSFET...............--. — 4-196 - 
IRF231 9.0A, 150V, 0.400Q, N-Channel Power MOSFET.............. 2.0 cee eee eee eee 4-196 - 
IRF231R 9.0A, 150V, 0.400Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-196 - 
IRF232 8.0A, 200V, 0.6000, N-Channel Power MOSFET.............. 02: eee eee eee eee 4-196 - 
IRF232R 8.0A, 200V, 0.6002, Avalanche Rated, N-Channel Power MOSFET.................. 4-196 - 
IRF233 8.0A, 150V, 0.600, N-Channel Power MOSFET............... 0002 eee eee eee ian 4-196 - 
IRF233R 8.0A, 150V, 0.6002, Avalanche Rated, N-Channel Power MOSFET.................. 4-196 - 
IRF234 8.1A, 250V, 0.450Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-201 - 
IRF235 6.5A, 250V, 0.6800, Avalanche Rated, N-Channel Power MOSFET.................. 4-201 - 
IRF236 8.1A, 275V, 0.450Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-201 - 
IRF237 6.5A, 275V, 0.680Q, Avalanche Rated, N-Channel Power MOSFET...............0.. 4-201 - 
IRF240 18.0A, 200V, 0.1800, N-Channel Power MOSFET...................0..... 00000 cee 4-206 - 
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PAGE PAGE 
IRF240R 18.0A, 200V, 0.1802, Avalanche Rated, N-Channel Power MOSFET................. 4-206 - 
IRF241 18.0A, 150V, 0.180, N-Channel Power MOSFET.............- 200s e eee eee 1... 4-206 e 
IRF241R 18.0A, 150V, 0.1802, Avalanche Rated, N-Channel Power MOSFET................. 4-206 - 
IRF242 16.0A, 200V, 0.2200, N-Channel Power MOSFET........... 00.00 cee eee eee eee 4-206 - 
IRF242R 16.0A, 200V, 0.220, Avalanche Rated, N-Channel Power MOSFET................. 4-206 - 
IRF243 16.0A, 150V, 0.220Q, N-Channel Power MOSFET............ 0... cece eee eee ee eee 4-206 - 
IRF243R 16.0A, 150V, 0.2200, Avalanche Rated, N-Channel Power MOSFET................. 4-206 - 
IRF244 14.0A, 250V, 0.2802, Avalanche Rated, N-Channel Power MOSFET................. 4-211 - 
IRF245 13.0A, 250V, 0.3402, Avalanche Rated, N-Channel Power MOSFET................. 4-211 - 
IRF246 14.0A, 275V, 0.2802, Avalanche Rated, N-Channel Power MOSFET................. 4-211 - 
IRF247 13.0A, 275V, 0.340, Avalanche Rated, N-Channel Power MOSFET....... bean ye ate es 4-211 - 
IRF250 30.0A, 200V, 0.0852, N-Channel Power MOSFET.......... 0.0.0.0. eee eee eee 4-216 - 
IRF250R 30.0A, 200V, 0.0852, Avalanche Rated, N-Channel Power MOSFET................. 4-216 - 
IRF251 30.0A, 150V, 0.085Q, N-Channel Power MOSFET............... 00 cee eee eeeee we. 4216 - 
IRF251R 30.0A, 150V, 0.0852, Avalanche Rated, N-Channel Power MOSFET................. 4-216 - 
IRF252 25.0A, 200V, 0.120Q, N-Channel Power MOSFET................ ee ee re 4-216 - 
IRF252R 25.0A, 200V, 0.1202, Avalanche Rated, N-Channel Power MOSFET................. 4-216 - 
IRF253 25.0A, 150V, 0.120Q, N-Channel Power MOSFET............0. 00sec eee eee eens 4-216 - 
IRF253R 25.0A, 150V, 0.1202, Avalanche Rated, N-Channel Power MOSFET................. 4-216 - 
IRF254 22.0A, 250V, 0.140, Avalanche Rated, N-Channel Power MOSFET...............-. 4-221 - 
IRF255 20.0A, 250V, 0.170, Avalanche Rated, N-Channel Power MOSFEN 20. 2tnaneiiee cas 4-221 - 
IRF256 22.0A, 275V, 0.1402, Avalanche Rated, N-Channel Power MOSFET................. 4-221 - 
IRF257 20.0A, 275V, 0.1702, Avalanche Rated, N-Channel Power MOSFET................. 4-221 - 
IRF320 3.3A, 400V, 1.8000, N-Channel Power MOSFET............. 0.000: eee eee nent 4-226 - 
IRF321 3.3A, 350V, 1.800, N-Channel Power MOSFET............... 0020 eee eee eee ee eee 4-226 - 
IRF322 2.8A, 400V, 2.50002, N-Channel Power MOSFET........... 0... 000 e cece eee eee 4-226 - 
IRF323 2.8A, 350V, 2.5002, N-Channel Power MOSFET. ............ 0.0.0 ce eee cece eens 4-226 - 
|IRF330 5.5A, 400V, 1.000, N-Channel Power MOSFET............0 0.0: c ee cee eee eee 4-231 = 
IRF330R 5.5A, 400V, 1.0002, Avalanche Rated, N-Channel Power MOSFET.................. 4-231 - 
IRF331 5.5A, 350V, 1.0002, N-Channel Power MOSFET..... 0.0.0... ce cece eee eee eee 4-231 - 
IRF331R 5.5A, 350V, 1.000Q, Avalanche Rated, N-Channel Power MOSFET...............05. 4-231 - 
IRF332 4.5A, 400V, 1.5002, N-Channel Power MOSFET............. 0. cee ee ee eee eee eee 4-231 - 
IRF332R 4.5A, 400V, 1.500Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-231 - 
IRF333 4.5A, 350V, 1.500, N-Channel Power MOSFET.......... 0.0.0. eee eee tee eee 4-231 - 
IRF333R 4.5A, 350V, 1.5002, Avalanche Rated, N-Channel Power MOSFET.................. 4-231 _* 
IRF340 10.0A, 400V, 0.5500, N-Channel Power MOSFET.......... 0... cee eee eee eee 4-236 - 
IRF340R 10.0A, 400V, 0.550, Avalanche Rated, N-Channel Power MOSFET................. 4-236 - 
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PAGE PAGE 
IRF341 10.0A, 350V, 0.5502, N-Channel Power MOSFET.... 2.0... 00... 0.2 ee eee ee eee 4-236 - 
{IRF341R 10.0A, 350V, 0.5502, Avalanche Rated, N-Channel Power MOSFET................. 4-236 - 
IRF342 8.3A, 400V, 0.8002, N-Channel Power MOSFET... ........... 002: cee eee eee 4-236 - 
IRF342R | 8.3A, 400V, 0.8002, Avalanche Rated, N-Channel Power MOSFET.................. 4-236 - 
IRF343 8.3A, 350V, 0.8002, N-Channel Power MOSFET.......... 0.0.00: e eee eee ees 4-236 - 
IRF343R 8.3A, 350V, 0.8002, Avalanche Rated, N-Channel Power MOSFET.................. 4-236 - 
IRF350 15.0A, 400V, 0.3002, N-Channel Power MOSFET............. 0.0: c ee eee ee eens 4-241 - 
IRF350R 15.0A, 400V, 0.3002, Avalanche Rated, N-Channel Power MOSFET................. 4-241 - 
IRF351 15.0A, 350V, 0.3002, N-Channel Power MOSFET.......... 0.0.00. c ee eee eee 4-241 - 
IRF351R 15.0A, 350V, 0.3002, Avalanche Rated, N-Channel Power MOSFET................. 4-241 - 3 Ss 
IRF352 13.0A, 400V, 0.4009, N-Channel Power MOSFET........... 0.0.0... ce eee eee eee 4-241 - Pr Ee 
IRF352R 13.0A, 400V, 0.4002, Avalanche Rated, N-Channel Power MOSFET................. 4-241 - Z c 
IRF353 _ 13.0A, 350V, 0.4002, N-Channel Power MOSFET............. 0... 0.00 cee eee eee 4-241 - + z 
IRF353R 13.0A, 350V, 0.4002, Avalanche Rated, N-Channel Power MOSFET................. 4-241 - 
IRF360 25.0A, 400V, 0.2002, Avalanche Rated, N-Channel Power MOSFET................. 4-246 - 
IRF362 22.0A, 400V, 0.250, Avalanche Rated, N-Channel Power MOSFET................. 4-246 - 
IRF420 2.5A, 500V, 3.0002, N-Channel Power MOSFET.............0 0.0.00. eee eee 4-251 - 
IRF421 2.5A, 450V, 3.0002, N-Channel Power MOSFET.............. 0.00 cece ee eee eens 4-251 - 
IRF422 2.2A, 500V, 4.0002, N-Channel Power MOSFET............ 00-000 e cece eee eee ees 4-251 - 
IRF423 2.2A, 450V, 4.0002, N-Channel Power MOSFET.............0 020: e eee eee eee 4-251 - 
IRF430 4.5A, 500V, 1.500Q, N-Channel Power MOSFET.............. 020: e eee eee eee eee 4-256 - 
IRF430R 4.5A, 500V, 1.5002, Avalanche Rated, N-Channel Power MOSFET.................. 4-256 - 
IRF431 4.5A, 450V, 1.5000, N-Channel Power MOSFET.............. 0.0.00 cece eee eee nee 4-256 - 
IRF431R 4.5A, 450V, 1.5002, Avalanche Rated, N-Channel Power MOSFET.................. 4-256 - 
IRF432 4.0A, 500V, 2.0002, N-Channel Power MOSFET. . Sapte dehy Genercnaacwsieeae: 4-256 - 
IRF432R 4.0A, 500V, 2.0002, Avalanche Rated, N-Channel Power MOSFET.................. 4-256 - 
IRF433 4.0A, 450V, 2.0002, N-Channel Power MOSFET.............. 0-02 cee eee eee eee 4-256 - 
IRF433R 4.0A, 450V, 2.0002, Avalanche Rated, N-Channel Power MOSFET.................. 4-256 - 
IRF440 8.0A, 500V, 0.8502, N-Channel Power MOSFET............- 20: e cee eee eee eee 4-261 - 
IRF440R 8.0A, 500V, 0.8502, Avalanche Rated, N-Channel Power MOSFET.................. 4-261 - 
IRF441 8.0A, 450V, 0.8500, N-Channel Power MOSFET.......... 0.0.0. cee eee eee eee 4-261 - 
IRF441R 8.0A, 450V, 0.8502, Avalanche Rated, N-Channel Power MOSFET.................. 4-261 - 
IRF442 7.0A, 500V, 1.1002, N-Channel Power MOSFET......... 0.0... cece ee eee 4-261 - 
IRF442R 7.0A, 500V, 1.100, Avalanche Rated, N-Channel Power MOSFET.................. 4-261 - 
IRF443 7.0A, 450V, 1.1002, N-Channel Power MOSFET.............. 00 eee eee eee eee 4-261 - 
IRF443R 7.0A, 450V, 1.100, Avalanche Rated, N-Channel Power MOSFET.................. 4-261 - 
IRF450 13.0A, 500V, 0.4002, N-Channel Power MOSFET... ....... 0... 0c eee eee eee 4-266 - 
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IRF450R 13.0A, 500V, 0.400, Avalanche Rated, N-Channel Power MOSFET...............-. 4-266 - 
IRF451 13.0A, 450V, 0.400, N-Channel Power MOSFET. ..... 2.0... cece eee 4-266 - 
IRF451R 13.0A, 450V, 0.4002, Avalanche Rated, N-Channel Power MOSFET................. 4-266 - 
IRF452 11.0A, 500V, 0.500, N-Channel Power MOSFET........... 0.0.0: cee eee eee eens 4-266 - 
IRF452R 11.0A, 500V, 0.5002, Avalanche Rated, N-Channel Power MOSFET................. 4-266 - 
IRF453 11.0A, 450V, 0.500, N-Channel Power MOSFET. .......... 0.0.20 ee eee eee eee eens 4-266 - 
IRF453R 11.0A, 450V, 0.5002, Avalanche Rated, N-Channel Power MOSFET................. 4-266 - 
IRF460 21.0A, 500V, 0.270, Avalanche Rated, N-Channel Power MOSFET................. 4-271 - 
IRF462 19.0A, 500V, 0.350, Avalanche Rated, N-Channel Power MOSFET................. 4-271 - 
IRF510 5.6A, 100V, 0.5402, N-Channel Power MOSFET........... 00... cece ee eee eee eee 4-276 - 
IRF510R 5.6A, 100V, 0.5402, Avalanche Rated, N-Channel Power MOSFET...............-... 4-276 

IRF511 5.6A, 80V, 0.540Q, N-Channel Power MOSFET............ 0.00 ce seen eee eee 4-276 - 
IRF511R 5.6A, 80V, 0.540, Avalanche Rated, N-Channel Power MOSFET................... 4-276 - 
IRF512 4.9A, 100V, 0.740Q, N-Channel POWSIMOSEEN. 2h .cce eee he tainted ox Seat wae s 4-276 - 
IRF512R 4.9A, 100V, 0.7402, Avalanche Rated, N-Channel Power MOSFET.................. 4-276 - 
IRF513 4.9A, 80V, 0.7402, N-Channel Power MOSFET... ... 0... 0... ce ee eee 4-276 - 
IRF513R 4.9A, 80V, 0.7402, Avalanche Rated, N-Channel Power MOSFET............... +e. 4276 - 
IRF520 9.2A, 100V, 0.270Q, N-Channel Power MOSFET.........-....-2 0:0 eee eee ee eee 4-281 - 
IRF520R 9.2A, 100V, 0.2702, Avalanche Rated, N-Channel Power MOSFET.................. 4-281 - 
IRF521 9.2A, 80V, 0.2702, N-Channel Power MOSFET.............. Bons Gerke Se caeks de rig trey Hah edad 4-281 - 
IRF521R 9.2A, 80V, 0.2702, Avalanche Rated, N-Channel Power MOSFET................... 4-281 - 
IRF522 8.0A, 100V, 0.3600, N-Channel Power MOSFET................0 2 cece e eee eee 4-281 - 
IRF522R 8.0A, 100V, 0.3602, Avalanche Rated, N-Channel Power MOSFET.................. 4-281 - 
IRF523 8.0A, 80V, 0.3602, N-Channel Power MOSFET..........-.. 00002 e eee eee eee ees 4-281 - 
IRF523R 8.0A, 80V, 0.3602, Avalanche Rated, N-Channel Power MOSFET................... 4-281 - 
IRF530 14.0A, 100V, 0.1602, N-Channel Power MOSFET.......... 0... 00 cece eee eee ee eee 4-286 - 
IRF530R 14.0A, 100V, 0.1602, Avalanche Rated, N-Channel Power MOSFET................. 4-286 - 
IRF531 14.0A, 80V, 0.1602, N-Channel Power MOSFET........... 0... ce eee e eee eee eee 4-286 - 
IRF531R 14.0A, 80V, 0.1602, Avalanche Rated, N-Channel Power MOSFET.................. 4-286 - 
IRF532 12.0A, 100V, 0.2302, N-Channel Power MOSFET.........- 20.0.2: ee eee eee eee ee 4-286 - 
IRF532R 12.0A, 100V, 0.230Q, Avalanche Rated, N-Channel Power MOSFET................. 4-286 - 
IRF533 12.0A, 80V, 0.2302, N-Channel Power MOSFET............ 0... cece eee eee eee 4-286 - 
IRF533R 12.0A, 80V, 0.230Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-286 - 
IRF540 28.0A, 100V, 0.077, N-Channel Power MOSFET......... 0... . eee ee eee eee eee 4-291 - 
IRF540R 28.0A, 100V, 0.0772, Avalanche Rated, N-Channel Power MOSFET................. 4-291 - 
IRF541 28.0A, 80V, 0.0772, N-Channel Power MOSFET........... 0.0.2 c eee eee eee eee eens 4-291 - 
IRF541R 28.0A, 80V, 0.0772, Avalanche Rated, N-Channel Power MOSFET.................. 4-291 - 
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_IRF542 25.04, 100V, 0.100, N-Channel Power MOSFE Pie i none daa eee oheeteese 4-291 - 

IRFS42R | 25.0A, 100V, 0.100, Avalanche Rated, N-Channel Power MOSFET................. 4-291 - 

IRFS43. == 25.0, BOV, 0.10002, N-Channel Power MOSFET. ........ 0.0.0.0 ce ceee eee eens 4-291 - 

IRF543R | | 25. OA, 80V, 0.1009, Avalanche Rated, N-Channel Power MOSFET.............00005 4-291 - 

IRF610 7 3.3A, 200V, 1.5002, N-Channel Power MOSFET............... . Si aeaueomavaata ean oat 4-296 - 

IRF610R_ 3.3A, 200V, 1.5002, Avalanche Rated, N-Channel Power MOSFET. _ een ee 4-296 - 

IRF611 3.3A, 150V, 1.5009, N-Channel Power MOSFET. ..........0.- 00 cc eee eee cence ees 4-296 - 

IRF611R -.3.3A, 150V, 1.5000, Avalanche Rated, N-Channel Power MOSFET......... 20.20.00: 4-296 - 

IRF612 - 2.6A, 200V, 2.4002, N-Channel Power MOSFET.,..........0. 000 cceeeee reece eee 4-296 - 
—IRF612R- - 2.6A, 200V, 2.4002, Avalanche Rated, N-Channel Power MOSFET...........0- 2000. 4-296 = —- 5 FS 
IRF6I3, 2.6, 150V, 2.4000, N-Channel Power MOSFET. sete Seetetetics eutere danni cee ete 4-296 - cS 

IRF613R 7 2.6A, 150V, 2.400Q, Avalanche Rated, N-Channel Power MOSFET................5. 4-296 - 2 rs 
IRF614 2.0A, 250V, 2,000, Avalanche Rated, N-Channel Power MOSFET.................- 4-301 - 2 
~1RF620. 8.0, 200V, 0.8009, N-Channel Power MOSFET. .......0..-.cccccceccceueeeeee 4-306 - 

IRFE20R —i(ts*té«SOA, 200V, 0.8000, Avalanche Rated, N-Channel Power MOSFET...........-..-00- 4-306 - 

IRFe2t __ 5.0A, 150V, 0.8000, N-Channel Power MOSFET.............00000ccc cues eeees wou. 4306 - 
IRF621R ~=——_—s5.0A, 150V,, 0.8008, Avalanche Rated, N-Channel Power MOSFET.............0.055 4-306 - 

IRF622 =. A, 200V, 1.2009, N-Channel Power MOSFET. ....... ieee en ehlca secant: 4-306 - 

IRF622R a | 4.0A, 200V, 1.200Q, Avalanche Rated, N-Channel Power MOSFET...............54. 4-306 - 

IRF623 - 4.0A, 150V, 1.200Q, N-Channel Power MOSFET........... Oe eRe eee 4-306  - 

IRF623R ~4.0A, 150V, 1.200Q, Avalanche Rated, N-Channel Power MOSFET..............0-5. 4-306 - 

IRF624 =—si(‘i«é‘“‘«‘«« BA, 2HOV, 1.10090, Avalanche Rated, N-Channel Power MOSFET...............2.. 4-311 - 

IRF625 - 3.3A, 250V, 1.5000, Avalanche Rated, N-Channel Power MOSFET.............005. 4-311 - 

_ IRF626 | | 3.8A, 275V, 1.1009, Avalanche Rated, N-Channel Power MOSFET...............45. 4-311 - 

IRF627 0 /3.3A, 275V, 1.5000, Avalanche Rated, N-Channel Power MOSFET.............-.... 4311 - 

IRF630 =—=———«9.0A, 200V, 0.40002, N-Channel Power MOSFET............0.0c0c0ceeseueeeenes 4-316 - 

IRF630R. . | 9.0A, 200V, 0.4009, Avalanche Rated, N-Channel Power MOSFET.................- 4-316 - 

IRF63t 9,0A, 150V, 0.4000, N-Channel Power MOSFET. .........-..c.e0ceeeeee ere 4316 -— 

IRF631 R | 9.0A, 150V, 0.400Q, Avalanche Rated, N-Channel Power MOSFET.................- 4-316 - 

IRF632 /8.0A, 200V, 0.600, N-Channel Power MOSFET. .......0...c00cceceeeeeee cence 4-316 - 

. IRF632R | 8.0A, 200V, 0. 6002, Avalanche Rated, N-Channel Power MOSFET.............06- ; . 4-316 - 

—IRF633. «8.0, 150V, 0.600, N-Channel Power MOSFET. .............. 000s cee aoe 4316 - 

IRFES3R BOA, 150V, 0.600Q, Avalanche Rated, N-Channel Power MOSFET...............05. 4316 - 

7 IRF634 —— 7 (8.1A, 250V, 0.450Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-321 - 

IRF635 _6.5A, 250V, 0.6802, Avalanche Rated, N-Channel Power MOSFET...............05. 4-321 - 

IRF636 «4A, 275V, 0.4500, Avalanche Rated, N-Channel Power MOSFET.................. 4-321 . 

IRF637- |  6.BA, 275V, 0.6802, Avalanche Rated, N-Channel Power MOSFET ................ .. 4-321 , 


Alpha Numeric Product Index Continues 
DB223B DB316 


PAGE PAGE 
IRF640 18.0A, 200V, 0.1800, N-Channel Power MOSFET............. 02.00 e ee eee eee 4-326 - 
IRF640R 18.0A, 200V, 0.18022, Avalanche Rated, N-Channel Power MOSFET..............--. 4-326 - 
IRF641 18.0A, 150V, 0.180Q, N-Channel Power MOSFET............. 0000 cee eeeee lates Beets 4-326 - 
IRF641R 18.0A, 150V, 0.180, Avalanche Rated, N-Channel Power MOSFET................. 4-326 - 
IRF642 16.0A, 200V, 0.2200, N-Channel Power MOSFET............. 0.0 cece ence eee 4-326 - 
IRF642R 16.0A, 200V, 0.2202, Avalanche Rated, N-Channel Power MOSFET................. 4-326 - 
IRF643 16.0A, 150V, 0.220, N-Channel Power MOSFET..................---- Si gteckateanaes 4-326 - 
IRF643R 16.0A, 150V, 0.220, Avalanche Rated, N-Channel Power MOSFET...... bi eign eee eck 4-326 - 
IRF644 14.0A, 250V, 0.2802, Avalanche Rated, N-Channel Power MOSFET...... Candee e as 4-331 - 
IRF645 13.0A, 250V, 0.340Q, Avalanche Rated, N-Channel Power MOSFET...... ee ee 4-331 - 
IRF646 14.0A, 275V, 0.280Q, Avalanche Rated, N-Channel Power MOSFET................. 4-331 - 
IRF647 13.0A, 275V, 0.340Q, Avalanche Rated, N-Channel Power MOSFET................. 4-331 - 
IRF710 2.0A, 400V, 3.60022, N-Channel Power MOSFET...... Rien a dba Si cold eal Atco a ht aiedyrhen ed 4-336 - 
IRF710R 2.0A, 400V, 3.6002, Avalanche Rated, N-Channel Power MOSFET................6. 4-336 -— 
IRF711 2.0A, 350V, 3.6002, N-Channel Power MOSFET.....:.....-. 0:2 e cece eee eee eens 4-336 - 
IRF711R 2.0A, 350V, 3.6002, Avalanche Rated, N-Channel Power MOSFET.................. 4-336 - 
IRF712 1.7A, 400V, 5.0002, N-Channel Power MOSFET. .........0.... 02: eee eee ee eee eens 4-336 - 
IRF712R 1.7A, 400V, 5.0002, Avalanche Rated, N-Channel Power MOSFET.................. 4-336 - 
IRF713 1.7A, 350V, 9.0002, N-Channel Power MOSFET... ..........- 20: cece eee eens 4-336 - 
IRF713R 1.7A, 350V, 5.000, Avalanche Rated, N-Channel Power MOSFET.................. 4-336 - 
IRF720 3.3A, 400V, 1.8002, N-Channel Power MOSFET..............-.-2.20 eee tiga a hake 4-341 - 
IRF720R 3.3A, 400V, 1.8002, Avalanche Rated, N-Channel Power MOSFET.................. 4-341 - 
IRF721 3.3A, 350V, 1.800Q, N-Channel Power MOSFET............ 0.00: eee eee eee eee 4-341 - 
IRF721R 3.3A, 350V, 1.800Q, Avalanche Rated, N-Channel Power MOSFET......... SL eeiom isk 4-341 - 
IRF722 2.8A, 400V, 2.5002, N-Channel Power MOSFET..............-.0- 0 eee ee are 4-341 - 
IRF722R 2.8A, 400V, 2.5002, Avalanche Rated, N-Channel Power MOSFET.................. 4-341 - 
IRF723 2.8A, 350V, 2.500Q, N-Channel Power MOSFET............ 00.02. ce eee ee Pele aqid eth 4-341 - 
IRF723R 2.8A, 350V, 2.5002, Avalanche Rated, N-Channel Power MOSFET...............--. 4-341 - 
IRF730 5.5A, 400V, 1.000Q, N-Channel Power MOSFET....... Lean oae eT eee er eee 4-346 - 
IRF730R 5.5A, 400V, 1.000, Avalanche Rated, N-Channel Power MOSFET.................. 4-346 - 
IRF731 5.5A, 350V, 1.0002, N-Channel Power MOSFET........... 0.0. c eee eee eee ee eee 4-346 - 
IRF731R 5.5A, 350V, 1.0002, Avalanche Rated, N-Channel Power MOSFET.................. 4-346 - 
IRF732 4.5A, 400V, 1.500Q, N-Channel Power MOSFET.............. 0.000 ee eae ee 4-346 - 
IRF732R 4.5A, 400V, 1.500, Avalanche Rated, N-Channel Power MOSFET.................. 4-346 - 
IRF733 4.5A, 350V, 1.500, N-Channel Power MOSFET. .......... 0.00.0 cee eee eee eens 4-346 - 
IRF733R 4.5A, 350V, 1.5002, Avalanche Rated, N-Channel Power MOSFET...............00. 4-346 - 
-IRF740 10.0A, 400V, 0.5500, N-Channel Power MOSFET...................-- eee eee 4-351 - 
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IRF740R 10.0A, 400V, 0.550, Avalanche Rated, N-Channel Power MOSFET................. 4-351 - 

IRF741 10.0A, 350V, 0.5502, N-Channel Power MOSFET... ....... 00... cece eee eee eens 4-351 - 

IRF741R 10.0A, 350V, 0.550, Avalanche Rated, N-Channel Power MOSFET................. 4-351 - 

IRF742 8.0A, 400V, 0.8002, N-Channel Power MOSFET.......... 0.0. c cece eee ee eens 4-351 - 

IRF742R 8.0A, 400V, 0.8002, Avalanche Rated, N-Channel Power MOSFET.................. 4-351 

IRF 743 8.0A, 350V, 0.8002, N-Channel Power MOSFET. .......... cece eee eee 4-351 - 

IRF743R 8.0A, 350V, 0.8002, Avalanche Rated, N-Channel Power MOSFET.................. 4-351 - 

IRF820 2.5A, 500V, 3.0002, N-Channel Power MOSFET... 0.0... . eee eee eee 4-356 - 

IRF820R 2.5A, 500V, 3.0002, Avalanche Rated, N-Channel Power MOSFET.................. 4-356 - 

IRF821 2.5A, 450V, 3.0002, N-Channel Power MOSFET. ......... 0... cece eee eens 4-356 - = 5 
IRF821R 2.5A, 450V, 3.0002, Avalanche Rated, N-Channel Power MOSFET.................. 4-356 - rs z 
IRF822 2.0A, 500V, 4.0002, N-Channel Power MOSFET. .......... 2.0... eee eee 4-356 - 2 3 
IRF822R 2.0A, 500V, 4.0002, Avalanche Rated, N-Channel Power MOSFET.................. 4-356 - 2 Z 
IRF823 2.0A, 450V, 4.0002, N-Channel Power MOSFET. ............ 0.00. cc eee cee ees 4-356 - 

IRF823R 2.0A, 450V, 4.000Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-356 - 

IRF830 4.5A, 500V, 1.500, N-Channel Power MOSFET............... 2.2 ce eee eee eee 4-361 - 

IRF830R 4.5A, 500V, 1.500, Avalanche Rated, N-Channel Power MOSFET.................. 4-361 - 

IRF831 4.5A, 450V, 1.500Q, N-Channel Power MOSFET....... 0.0... 2. . cece cee eee ee 4-361 - 

IRF831R 4.5A, 450V, 1.5000, Avalanche Rated, N-Channel Power MOSFET.................. 4-361 - 

IRF832 4.0A, 500V, 2.0002, N-Channel Power MOSFET............. 00. cece eee ee ene 4-361 - 

IRF832R 4.0A, 500V, 2.0002, Avalanche Rated, N-Channel Power MOSFET................05 4-361 - 

IRF833 4.0A, 450V, 2.000Q, N-Channel Power MOSFET.............. 00-2 cece eee eee eee 4-361 - 

IRF833R 4.0A, 450V, 2.0002, Avalanche Rated, N-Channel Power MOSFET.................. 4-361 - 

IRF840 8.0A, 500V, 0.8500, N-Channel Power MOSFET........... 0c eee eee ee ene 4-366 - 

IRF840R 8.0A, 500V, 0.8502, Avalanche Rated, N-Channel Power MOSFET.................. 4-366 - 

IRF841 8.0A, 450V, 0.850Q, N-Channel Power MOSFET............. 0.0 e ee cee eee ee eee 4-366 - 

IRF841R 8.0A, 450V, 0.850, Avalanche Rated, N-Channel Power MOSFET.................. 4-366 - 

IRF842 7.0A, 500V, 1.100, N-Channel Power MOSFET.... 2.0.0.0... .. cece eee eee ee eee 4-366 - 

IRF842R 7.0A, 500V, 1.1002, Avalanche Rated, N-Channel Power MOSFET.................. 4-366 - 

IRF843 7.0A, 450V, 1.100, N-Channel Power MOSFET. ........... cece eee eee eee renee 4-366 - 

IRF9130 12.0A, 100V, 0.300Q, Avalanche Rated, P-Channel Power MOSFET................. 5-34 - 

IRF9131 12.0A, 60V, 0.3002, Avalanche Rated, P-Channel Power MOSFET .................. 5-34 - 

IRF9132 10.0A, 100V, 0.4002, Avalanche Rated, P-Channel Power MOSFET................. 5-34 - 

IRF9133 10.0A, 60V, 0.4002, Avalanche Rated, P-Channel Power MOSFET .................. 5-34 : 

IRF9140 19.0A, 100V, 0.2002, Avalanche Rated, P-Channel Power MOSFET................. 5-39 - 

IRF9141 19.0A, 60V, 0.2002, Avalanche Rated, P-Channel Power MOSFET .................. 5-39 - 

IRF9142 15.0A, 100V, 0.3002, Avalanche Rated, P-Channel Power MOSFET................. 5-39 - 
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IRF9143 15.0A, 60V, 0.3002, Avalanche Rated, P-Channel Power MOSFET.................. 5-39 - 
IRF9150 25.0A, 100V, 0.150, Avalanche Rated, P-Channel Power MOSFET................. 5-44 - 
IRF9151 25.0A, 60V, 0.1502, Avalanche Rated, P-Channel Power MOSFET................ .. 5-44 - 
IRF9230 6.5A, 200V, 0.800Q, Avalanche Rated, P-Channel Power MOSFET.................. 5-50 - 
IRF9231 6.5A, 150V, 0.8002, Avalanche Rated, P-Channel Power MOSFET.................. 5-50 - 
IRF9232 5.5A, 200V, 1.2000, Avalanche Rated, P-Channel Power MOSFET.................. 5-50 - 
IRF9233 5.5A, 150V, 1.200, Avalanche Rated, P-Channel Power MOSFET.................. 5-50 - 
IRF9240 11.0A, 200V, 0.500, Avalanche Rated, P-Channel Power MOSFET................. 5-55 - 
IRF9241 11.0A, 150V, 0.5002, Avalanche Rated, P-Channel Power MOSFET................. 5-55 - 
IRF9242 9.0A, 200V, 0.7002, Avalanche Rated, P-Channel Power MOSFET................0. 5-55 - 
IRF9243 9.0A, 150V, 0.700, Avalanche Rated, P-Channel Power MOSFET.................,. 5-55 - 
IRF9510 3.0A, 100V, 1.200, Avalanche Rated, P-Channel Power MOSFET.................. 5-60 - 
IRF9511 3.0A, 60V, 1.2002, Avalanche Rated, P-Channel Power MOSFET................... 5-60 - 
IRF9512 2.5A, 100V, 1.6002, Avalanche Rated, P-Channel Power MOSFET.................. 5-60 - 
IRF9513 2.5A, 60V, 1.6002, Avalanche Rated, P-Channel Power MOSFET................... 5-60 - 
IRF9520 6.0A, 100V, 0.6002, Avalanche Rated, P-Channel Power MOSFET.................. 5-65 - 
IRF9521 6.0A, 60V, 0.6002, Avalanche Rated, P-Channel Power MOSFET................... 5-65 - 
IRF9522 5.0A, 100V, 0.8002, Avalanche Rated, P-Channel Power MOSFET.................. 5-65 - 
IRF9523 5.0A, 60V, 0.8002, Avalanche Rated, P-Channel Power MOSFET................... 5-65 - 
IRF9530 12.0A, 100V, 0.3002, Avalanche Rated, P-Channel Power MOSFET................. 5-70 - 
IRF9531 12.0A, 60V, 0.3002, Avalanche Rated, P-Channel Power MOSFET.................. 5-70 - 
IRF9532 10.0A, 100V, 0.400, Avalanche Rated, P-Channel Power MOSFET...... ‘gsi led Sota 5-70 - 
IRF9533 10.0A, 60V, 0.4002, Avalanche Rated, P-Channel Power MOSFET.................. 5-70 - 
IRF9540 19.0A, 100V, 0.2002, Avalanche Rated, P-Channel Power MOSFET................. 5-76 - 
IRF9541 19.0A, 60V, 0.2002, Avalanche Rated, P-Channel Power MOSFET.................. 5-76 - 
IRF9542 15.0A, 100V, 0.3002, Avalanche Rated, P-Channel Power MOSFET................. 5-76 - 
IRF9543 15.0A, 60V, 0.3002, Avalanche Rated, P-Channel Power MOSFET.................. 5-76 - 
IRF9620 3.5A, 200V, 1.500, Avalanche Rated, P-Channel Power MOSFET.................. 5-80 - 
IRF9621 3.5A, 150V, 1.5002, Avalanche Rated, P-Channel Power MOSFET.................. 5-80 - 
IRF9622 3.0A, 200V, 2.400Q, Avalanche Rated, P-Channel Power MOSFET.................. 5-80 - 
IRF9623 3.0A, 150V, 2.400Q, Avalanche Rated, P-Channel Power MOSFET.................. 5-80 - 
IRF9630 6.5A, 200V, 0.8002, Avalanche Rated, P-Channel Power MOSFET.................. 5-85 - 
IRF9631 6.5A, 150V, 0.8002, Avalanche Rated, P-Channel Power MOSFET.................. 5-85 - 
IRF9632 5.5A, 200V, 1.2000, Avalanche Rated, P-Channel Power MOSFET.................. 5-85 - 
IRF9633 | 5.5A, 150V, 1.200, Avalanche Rated, P-Channel Power MOSFET.................. 5-85 - 
IRF9640 11.0A, 200V, 0.500, Avalanche Rated, P-Channel Power MOSFET................. 5-90 - 
IRF9641 | 11.0A, 150V, 0.5002, Avalanche Rated, P-Channel Power MOSFET................. 5-90 - 
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IRF9642 
IRF9643 
IRFAC40 
IRFAC42 
IRFBC40 
IRFBC42 
IRFD110 
IRFD110R 
IRFD111 
IRFD111R 
IRFD112 
IRFD112R 
IRFD113 
IRFD113R 
IRFD120 
IRFD120R 
IRFD121 
IRFD121R 
IRFD122 
IRFD122R 
IRFD123 
IRFD123R 
IRFD1Z0 
IRFD121 
IRFD12Z2 
IRFD1Z3 
IRFD210 
IRFD210R 
IRFD211 
IRFD211R 
IRFD212 
IRFD212R 
IRFD213 
IRFD213R 
IRFD220 
IRFD220R 
IRFD221 


Alpha Numeric Product Index continued) 


9.0A, 200V, 0.7002, Avalanche Rated, P-Channel Power MOSFET.................. 
9.0A, 150V, 0.7002, Avalanche Rated, P-Channel Power MOSFET................-. 
6.2A, 600V, 1.200Q, Avalanche Rated, N-Channel Power MOSFET..... Sain ante na ae 
5.4A, 600V, 1.6002, Avalanche Rated, N-Channel Power MOSFET.................. 
6.2A, 600V, 1.2002, Avalanche Rated, N-Channel Power MOSFET.................. 
5.4A, 600V, 1.6002, Avalanche Rated, N-Channel Power MOSFET.................. 
1.0A, 100V, 0.6002, N-Channel Power MOSFET.......... 0.000: c cece eee eens 
1.0A, 100V, 0.6002, Avalanche Rated, N-Channel Power MOSFET.................. 
1.0A, 80V, 0.6002, N-Channel Power MOSFET.......... 0.0.0. c eee eee eens 
1.0A, 80V, 0.6002, Avalanche Rated, N-Channel Power MOSFET.................5. 
0.8A, 100V, 0.8002, N-Channel Power MOSFET.......... 2.000: e cece eee eens 
0.8A, 100V, 0.8002, Avalanche Rated, N-Channel Power MOSFET.................. 
0.8A, 80V, 0.8002, N-Channel Power MOSFET................. 00. cece eee eas 


-0.8A, 80V, 0.8000, Avalanche Rated, N-Channel Power MOSFET................... 


1.3A, 100V, 0.3002, N-Channel Power MOSFET............ 0.000 cece eee eee eens 
1.3A, 100V, 0.3002, Avalanche Rated, N-Channel Power MOSFET................5. 
1.3A, 80V, 0.3002, N-Channel Power MOSFET............ 0.00: e eee eee eee eens 
1.3A, 80V, 0.3002, Avalanche Rated, N-Channel Power MOSFET.................5. 
1.1A, 100V, 0.400, N-Channel Power MOSFET.......... 0... ccc cece cece teenies 
1.1A, 100V, 0.400Q, Avalanche Rated, N-Channel Power MOSFET................5. 
1.1A, 80V, 0.4002, N-Channel Power MOSFET........... 0.0.0 c cece cence eens 
1.1A, 80V, 0.400Q, Avalanche Rated, N-Channel Power MOSFET................... 
0.5A, 100V, 2.400, N-Channel Power MOSFET.......... 0.000 ccc cece eet ee eens 
0.5A, 60V, 2.400Q, N-Channel Power MOSFET... ......... 0.0. c eee e eee eee teens 
0.4A, 100V, 3.2000, N-Channel Power MOSFET............ 0.0. e cece eee ene e aes 
0.4A, 60V, 3.2002, N-Channel Power MOSFET............. 00: cece eee eee eens 
0.6A, 200V, 1.5000, N-Channel Power MOSFET........... 200 c cece eee eee nena 
0.6A, 200V, 1.5002, Avalanche Rated, N-Channel Power MOSFET.................. 
0.6A, 150V, 1.5002, N-Channel Power MOSFET........... 0.00 cece eee e eee nes 
0.6A, 150V, 1.5002, Avalanche Rated, N-Channel Power MOSFET.................- 
0.5A, 200V, 2.400, N-Channel Power MOSFET.......... 0. cc cence eee ee ees 
0.5A, 200V, 2.4002, Avalanche Rated, N-Channel Power MOSFET................6- 
0.5A, 150V, 2.4000, N-Channel Power MOSFET.......... 0... c cece eee eee e eee 
0.5A, 150V, 2.400, Avalanche Rated, N-Channel Power MOSFET.................. 
0.8A, 200V, 0.8002, N-Channel Power MOSFET.......... 0.0... cece eee e eee enee 
0.8A, 200V, 0.8002, Avalanche Rated, N-Channel Power MOSFET.................-- 
0.8A, 150V, 0.8002, N-Channel Power MOSFET........... 0.0: c cece cece eee e eens 
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PAGE PAGE 
IRFD221R 0.8A, 150V, 0.8002, Avalanche Rated, N-Channel Power MOSFET.................. 4-403 - 
IRFD222 0.7A, 200V, 1.2002, N-Channel Power MOSFET............ 0.20: eee ee eee eens 4-403 - 
IRFD222R 0.7A, 200V, 1.2002, Avalanche Rated, N-Channel Power MOSFET.................. 4-403 - 
IRFD223 0.7A, 150V, 1.200Q, N-Channel Power MOSFET.......... 0.0... e eee eens 4-403 - 
IRFD223R 0.7A, 150V, 1.2002, Avalanche Rated, N-Channel Power MOSFET.................. 4-403 - 
IRFD2Z0 0.3A, 200V, 5.0002, N-Channel Power MOSFET............ 0.2020 ee eee eee eee aes 4-408 - 
IRFD221 0.3A, 150V, 5.000Q, N-Channel Power MOSFET............. 00. e ee eee eee eee 4-408 - 
IRFD2Z2 0.3A, 200V, 6.5002, N-Channel Power MOSFET............ 00.0. eee 4-408 - 
IRFD22Z3 0.3A, 150V, 6.5002, N-Channel Power MOSFET............ 20... 0 eee eee eee eee ee 4-408 - 
IRFD310 0.4A, 400V, 3.6000, N-Channel Power MOSFET............. 0.00: e eee eee eee eee 4-413 - 
IRFD310R 0.4A, 400V, 3.600Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-413 - 
IRFD311 0.4A, 350V, 3.600, N-Channel Power MOSFET........... 0.0.0.0 ccc eee eee eee eee 4-413 - 
IRFD311R 0.4A, 350V, 3.6002, Avalanche Rated, N-Channel Power MOSFET................-- 4-413 - 
IRFD312 0.3A, 400V, 5.0002, N-Channel Power MOSFET...................0...02-00 000 eee 4-413 - 
IRFD312R 0.3A, 400V, 5.000Q, Avalanche Rated, N-Channel Power MOSFET............ tratawtel tit 4-413 - 
IRFD313 0.3A, 350V, 5.0002, N-Channel Power MOSFET.......0...0.0 ccc cece eee e eee eeees 4-413 - 
IRFD313R 0.3A, 350V, 5.000Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-413 - 
IRFD320 0.5A, 400V, 1.800, N-Channel Power MOSFET.............. 0. ee eee eee eens 4-418 - 
IRFD320R 0.5A, 400V, 1.800Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-418 - 
IRFD321 0.5A, 350V, 1.800, N-Channel Power MOSFET.......... 0.0.0.0 cece ee eee eee 4-418 - 
IRFD321R 0.5A, 350V, 1.8002, Avalanche Rated, N-Channel Power MOSFET.................. 4-418 - 
IRFD322 0.4A, 400V, 2.500, N-Channel Power MOSFET............-.. 0: eee eee tenets 4-418 - 
IRFD322R 0.4A, 400V, 2.500Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-418 - 
IRFD323 0.4A, 350V, 2.5002, N-Channel Power MOSFET................--2005- pateouaes 4-418 - 
IRFD323R 0.4A, 350V, 2.500Q, Avalanche Rated, N-Channel Power MOSFET................-. 4-418 - 
IRFD9110 0.7A, 100V, 1.200, Avalanche Rated, P-Channel Power MOSFET.................. 5-95 - 
— IRFD9113 0.6A, 60V, 1.6002, Avalanche Rated, P-Channel Power MOSFET................... 5-95 - 
IRFD9120 1.0A, 100V, 0.6002, Avalanche Rated, P-Channel Power MOSFET.................. 5-100 - 
IRFD9123 0.8A, 60V, 0.8002, Avalanche Rated, P-Channel Power MOSFET ................--- 5-100 - 
IRFD9220 0.6A, 200V, 1.5000, Avalanche Rated, P-Channel Power MOSFET.................. 5-105 - 
IRFD9223 0.5A, 150V, 2.400Q, Avalanche Rated, P-Channel Power MOSFET.................. 5-105 - 
IRFF110 3.5A, 100V, 0.6002, N-Channel Power MOSFET............00- 0 eee eee eee eee eee 4-423 - 
IRFF110R 3.5A, 100V, 0.6002, Avalanche Rated, N-Channel Power MOSFET.................. 4-423 - 
IRFF111 3.5A, 80V, 0.600, N-Channel Power MOSFET................-. 0c eee e eee ee eeeeee 4-423 - 
IRFF111R 3.5A, 80V, 0.6002, Avalanche Rated, N-Channel Power MOSFET................... 4-423 - 
IRFF112 3.0A, 100V, 0.800, N-Channel Power MOSFET............-.. 000: e eee eee ee eee 4-423 - 
IRFF112R 3.0A, 100V, 0.8002, Avalanche Rated, N-Channel Power MOSFET.................. 4-423 - 


Alpha Numeric Product Index continues) 
DB223B DB316 


PAGE PAGE 
IRFF113 3.0A, 80V, 0.8002, N-Channel Power MOSFET... .......... 000 cece eee een eee eae 4-423 - 
IRFF113R 3.0A, 80V, 0.80022, Avalanche Rated, N-Channel Power MOSFET................... 4-423 - 
IRFF120 6.0A, 100V, 0.300, N-Channel Power MOSFET............. 000 cece eee eee eens 4-428 - 
IRFF120R 6.0A, 100V, 0.3000, Avalanche Rated, N-Channel Power MOSFET.................. 4-428 - 
|RFF121 6.0A, 80V, 0.3002, N-Channel Power MOSFET. ...........0.0 ccc eee eeeee eee ee eee 4-428 - 
IRFF121R 6.0A, 80V, 0.300Q, Avalanche Rated, N-Channel Power MOSFET................... 4-428 - 
IRFF122 5.0A, 100V, 0.4000, N-Channel Power MOSFET............ 00.0: e ee eee eee eee 4-428 - 
IRFF122R 5.0A, 100V, 0.4002, Avalanche Rated, N-Channel Power MOSFET.................. 4-428 - 
IRFF123 5.0A, 80V, 0.400Q, N-Channel Power MOSFET... ........ 2.0. cece eee ee eee 4-428 - 
IRFF123R 5.0A, 80V, 0.4002, Avalanche Rated, N-Channel Power MOSFET................... 4-428 - _I 5 
IRFF130 8.0A, 100V, 0.1802, N-Channel Power MOSFET............ 0.0... 0c ecu ee eae 4-433 - cr < 
IRFF130R 8.0A, 100V, 0.1802, Avalanche Rated, N-Channel Power MOSFET.................. 4-433 - = c 
IRFF131 8.0A, 80V, 0.180Q, N-Channel Power MOSFET.......... Sa RSE BA Wis Reel Be 4-433 - = Z 
IRFF131R 8.0A, 80V, 0.1802, Avalanche Rated, N-Channel Power MOSFET................... 4-433 - 
IRFF132 7.0A, 100V, 0.2502, N-Channel Power MOSFET........... 0.000 c cece eee e ee eee 4-433 - 
IRFF132R 7.0A, 100V, 0.2500, Avalanche Rated, N-Channel Power MOSFET.................. 4-433 - 
IRFF133 7.0A, 80V, 0.250Q, N-Channel Power MOSFET............ 0.00: c cece eee eee eee 4-433 - 
IRFF133R 7.0A, 80V, 0.250Q, Avalanche Rated, N-Channel Power MOSFET................... 4-433 - 
IRFF210 2.2A, 200V, 1.5002, N-Channel Power MOSFET............. 0... 0c ee eee eee eee eee 4-438 - 
IRFF210R 2.2A, 200V, 1.5002, Avalanche Rated, N-Channel Power MOSFET.................. 4-438 - 
IRFF211 2.2A, 150V, 1.500Q, N-Channel Power MOSFET............. 000 eee eee eee eens 4-438 - 
IRFF211R 2.2A, 150V, 1.5002, Avalanche Rated, N-Channel Power MOSFET.................. 4-438 - 
IRFF212 1.8A, 200V, 2.400Q, N-Channel Power MOSFET........... 0... 0. eee ee ee ee eee 4-438 - 
IRFF212R 1.8A, 200V, 2.4000, Avalanche Rated, N-Channel Power MOSFET.................. 4-438 - 
IRFF213 1.8A, 150V, 2.400Q, N-Channel Power MOSFET............. 0.0. e ee eee ene ees 4-438 - 
IRFF213R 1.8A, 150V, 2.400Q, Avalanche Rated, N-Channel Power MOSFET................--. 4-438 - 
IRFF220 3.5A, 200V, 0.8008, N-Channel Power MOSFET.............. 00. cee eee eee eee 4-443 - 
IRFF220R 3.5A, 200V, 0.8002, Avalanche Rated, N-Channel Power MOSFET.................. 4-443 - 
IRFF221 3.5A, 150V, 0.800Q, N-Channel Power MOSFET............ 0-0 eee eee ee eee 4-443 - 
IRFF221R 3.5A, 150V, 0.8002, Avalanche Rated, N-Channel Power MOSFET................5. 4-443 - 
IRFF222 3.0A, 200V, 1.200Q, N-Channel Power MOSFET............ 0.000 ccc ee eee eee 4-443 - 
IRFF222R 3.0A, 200V, 1.2002, Avalanche Rated, N-Channel Power MOSFET.................. 4-443 - 
IRFF223 3.0A, 150V, 1.200, N-Channel Power MOSFET............ 2... cee eee ee eee 4-443 - 
IRFF223R 3.0A, 150V, 1.200, Avalanche Rated, N-Channel Power MOSFET.................. 4-443 - 
IRFF230 5.5A, 200V, 0.400Q, N-Channel Power MOSFET............- 00-2 e ee eee eee eens 4-448 - 
IRFF230R 5.5A, 200V, 0.400Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-448 - 
IRFF231 5.5A, 150V, 0.400Q, N-Channel Power MOSFET.................. cate hs Aue gig oa iat tenes atts 4-448 - 
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IRFF231R 5.5A, 150V, 0.400Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-448 - 
IRFF232 4.5A, 200V, 0.6002, N-Channel Power MOSFET.......... 0.00.00 cee eee eevee 4-448 - 
IRFF232R 4.5A, 200V, 0.6002, Avalanche Rated, N-Channel Power MOSFET.................. 4-448 - 
IRFF233 4.5A, 150V, 0.6002, N-Channel Power MOSFET. ......... 0.0.0.0 cece eee eeees 4-448 - 
IRFF233R 4.5A, 150V, 0.600Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-448 | - 
IRFF310 1.4A, 400V, 3.60022, N-Channel Power MOSFET............. 0.0 cece eee eevee eee 4-453 - 
IRFF310R 1.4A, 400V, 3.6002, Avalanche Rated, N-Channel Power MOSFET.................. 4-453 - 
IRFF311 1.4A, 350V, 3.6002, N-Channel Power MOSFET........... 0.00.00 cece eee cee eeee 4-453 - 
IRFF311R 1.4A, 350V, 3.6002, Avalanche Rated, N-Channel Power MOSFET.................. 4-453 - 
IRFF312 1.2A, 400V, 5.000Q, N-Channel Power MOSFET.............. 0.00 cee ccc e ee eeues 4-453 - 
IRFF312R 1.2A, 400V, 5.000Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-453 - 
IRFF313 1.2A, 350V, 5.0002, N-Channel Power MOSFET.......... 0.0.0.0. cece eee e ee eee 4-453 - 
IRFF313R 1.2A, 350V, 5.000Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-453 - 
IRFF320 2.5A, 400V, 1.8002, N-Channel Power MOSFET............. 0000 c ce eee eee e eens 4-458 - 
IRFF320R 2.5A, 400V, 1.800Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-458 - 
IRFF321 2.5A, 350V, 1.8002, N-Channel Power MOSFET............. 00.0 eee eee eee eens 4-458 - 
IRFF321R 2.5A, 350V, 1.800, Avalanche Rated, N-Channel Power MOSFET.................. 4-458 - 
IRFF322 2.0A, 400V, 2.5002, N-Channel Power MOSFET..............00..0 000000 c eee ee eee 4-458 - 
IRFF322R 2.0A, 400V, 2.5002, Avalanche Rated, N-Channel Power MOSFET.................. 4-458 - 
IRFF323 2.0A, 350V, 2.5002, N-Channel Power MOSFET........ itis bch hee SftsareaGAeneeer: 4-458 - 
IRFF323R 2.0A, 350V, 2.5002, Avalanche Rated, N-Channel Power MOSFET..... ict eee Sa 4-458 - 
IRFF330 3.5A, 400V, 1.000Q, N-Channel Power MOSFET................... tdnulieod ge ae 4-463 - 
IRFF330R 3.5A, 400V, 1.000Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-463 - 
IRFF331 3.5A, 350V, 1.000, N-Channel Power MOSFET.............. 0... e cee eee eee 4-463 - 
IRFF331R 3.5A, 350V, 1.0002, Avalanche Rated, N-Channel Power MOSFET.................. 4-463 - 
IRFF332 3.0A, 400V, 1.500, N-Channel Power MOSFET.......... 0.0.0.0. e cece e eee eens 4-463 - 
IRFF332R 3.0A, 400V, 1.5002, Avalanche Rated, N-Channel Power MOSFET.................. 4-463 - 
IRFF333 3.0A, 350V, 1.5002, N-Channel Power MOSFET........... 0.00 c cece eee ee ee ee ees 4-463 - 
IRFF333R 3.0A, 350V, 1.5002, Avalanche Rated, N-Channel Power MOSFET.................. 4-463 - 
IRFF420 1.6A, 500V, 3.0002, N-Channel Power MOSFET.......... 00... . cece cee cece 4-468 - 
IRFF420R 1.6A, 500V, 3.0002, Avalanche Rated, N-Channel Power MOSFET.................. 4-468 - 
IRFF421 1.6A, 450V, 3.0002, N-Channel Power MOSFET............ 0.0: c cece eee eee eee 4-468 - 
IRFF421R 1.6A, 450V, 3.0002, Avalanche Rated, N-Channel Power MOSFET................5. 4-468 - 
IRFF422 1.4A, 500V, 4.000, N-Channel Power MOSFET............ 0.00 c eee eee eee e eens 4-468 - 
IRFF422R 1.4A, 500V, 4.0002, Avalanche Rated, N-Channel Power MOSFET................5. 4-468 - 
IRFF423 1.4A, 450V, 4.0002, N-Channel Power MOSFET.............. 000 cece cence eee eaee 4-468 - 
IRFF423R 1.4A, 450V, 4.0002, Avalanche Rated, N-Channel Power MOSFET................0. 4-468 - 


1-14 


Alpha Numeric Product Index continues) 
DB223B DB316 


PAGE PAGE 
IRFF430 2.8A, 500V, 1.500Q, N-Channel Power MOSFET........... 0.000 cece cece eee eee 4-473 - 
IRFF430R 2.8A, 500V, 1.5002, Avalanche Rated, N-Channel Power MOSFET.................. 4-473 - 
IRFF431 2.8A, 450V, 1.500Q, N-Channel Power MOSFET............. 0.0 cece eee eee eens 4-473 - 
IRFF431R 2.8A, 450V, 1.5002, Avalanche Rated, N-Channel Power MOSFET.................. 4-473 - 
IRFF432 2.3A, 500V, 2.000, N-Channel Power MOSFET............ 0000 e cence eee eens 4-473 - 
IRFF432R 2.3A, 500V, 2.0002, Avalanche Rated, N-Channel Power MOSFET.................. 4-473 - 
IRFF433 2.3A, 450V, 2.000Q, N-Channel Power MOSFET............0 000 cece eee eee eae 4-473 - 
IRFF433R 2.3A, 450V, 2.0002, Avalanche Rated, N-Channel Power MOSFET.................. 4-473 - 
IRFF9120 4.0A, 100V, 0.6002, Avalanche Rated, P-Channel Power MOSFET.................. 5-110 - 
IRFF9121 4.0A, 60V, 0.6009, Avalanche Rated, P-Channel Power MOSFET............--200 55 5-110 46 
IRFF9122 3.5A, 100V, 0.8002, Avalanche Rated, P-Channel Power MOSFET.................. 5-110 - Po E 
IRFF9123 3.5A, 60V, 0.800Q, Avalanche Rated, P-Channel Power MOSFET................... 5-110 - Z f 
IRFF9130 6.5A, 100V, 0.300Q, Avalanche Rated, P-Channel Power MOSFET.................. 5-115 - 2 2 
IRFF9131 6.5A, 60V, 0.300Q, Avalanche Rated, P-Channel Power MOSFET................... 5-115 - 
IRFF9132 5.5A, 100V, 0.4009, Avalanche Rated, P-Channel Power MOSFET .................. 5-115 - 
IRFF9133 5.5A, 60V, 0.400, Avalanche Rated, P-Channel Power MOSFET ................... 5-115 - 
IRFF9220 2.5A, 200V, 1.5002, Avalanche Rated, P-Channel Power MOSFET .................-. 5-120 - 
IRFF9221 2.5A, 150V, 1.5000, Avalanche Rated, P-Channel Power MOSFET.................. 5-120 - 
IRFF9222 2.0A, 200V, 2.400, Avalanche Rated, P-Channel Power MOSFET.................. 5-120 - 
IRFF9223 2.0A, 150V, 2.400, Avalanche Rated, P-Channel Power MOSFET.................. 5-120 - 
IRFF9230 4.0A, 200V, 0.8002, Avalanche Rated, P-Channel Power MOSFET.................. 5-125 - 
IRFF9231 4.0A, 150V, 0.8002, Avalanche Rated, P-Channel Power MOSFET.................. 5-125 - 
IRFF9232 3.5A, 200V, 1.2002, Avalanche Rated, P-Channel Power MOSFET.................. 5-125 - 
IRFF9233 3.5A, 150V, 1.2002, Avalanche Rated, P-Channel Power MOSFET.................. 5-125 - 
IRFP140 31.0A, 100V, 0.077Q, Avalanche Rated, N-Channel Power MOSFET................. 4-478 - 
IRFP141 31.0A, 80V, 0.077, Avalanche Rated, N-Channel Power MOSFET.................. 4-478 - 
IRFP142 27.0A, 100V, 0.09922, Avalanche Rated, N-Channel Power MOSFET................. 4-478 - 
IRFP143 27.0A, 80V, 0.099Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-478 - 
IRFP150 40.0A, 100V, 0.0552, N-Channel Power MOSFET.............- 0.0: eee eee eens 4-483 : 
IRFP150R 40.0A, 100V, 0.055Q, Avalanche Rated, N-Channel Power MOSFET................. 4-483 - 
IRFP151 40.0A, 60V, 0.055Q, N-Channel Power MOSFET........... 0.0.02. eee eee eee eee 4-483 - 
IRFP151R 40.0A, 60V, 0.055Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-483 - 
IRFP152 34.0A, 100V, 0.0802, N-Channel Power MOSFET.............0-. 002 ce eee eee ee eee 4-483 - 
IRFP152R 34.0A, 100V, 0.0802, Avalanche Rated, N-Channel Power MOSFET................. 4-483 - 
IRFP153 34.0A, 60V, 0.080, N-Channel Power MOSFET............-.- 22 cece eee eee 4-483 - 
IRFP153R 34.0A, 60V, 0.080, Avalanche Rated, N-Channel Power MOSFET.................. 4-483 - 
IRFP240 20.0A, 200V, 0.1802, Avalanche Rated, N-Channel Power MOSFET................. 4-488 - 
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IRFP241 20.0A, 150V, 0.1802, Avalanche Rated, N-Channel Power MOSFET................. 4-488 - 
IRFP242 | 18.0A, 200V, 0.220, Avalanche Rated, N-Channel Power MOSFET............ Soaieon a 4-488 - 
IRFP243 18.0A, 150V, 0.220, Avalanche Rated, N-Channel Power MOSFET................. 4-488 - 
IRFP244 15.0A, 250V, 0.2802, Avalanche Rated, N-Channel Power MOSFET................. 4-493 - 
IRFP245 14.0A, 250V, 0.3402, Avalanche Rated, N-Channel Power MOSFET................. 4-493 - 
IRFP246 15.0A, 275V, 0.280, Avalanche Rated, N-Channel Power MOSFET................. 4-493 - 
IRFP247 14.0A, 275V, 0.340Q, Avalanche Rated, N-Channel Power MOSFET................. 4-493 - 
IRFP250 33.0A, 200V, 0.0852, N-Channel Power MOSFET.......... 0.0.0.0 c cece eee eee eens 4-498 - 
IRFP250R 33.0A, 200V, 0.085Q, Avalanche Rated, N-Channel Power MOSFET................. 4-498 - 
IRFP251 33.0A, 150V, 0.0852, N-Channel Power MOSFET. ......... 0.000: cee eee eee ees 4-498 - 
IRFP251R 33.0A, 150V, 0.0852, Avalanche Rated, N-Channel Power MOSFET................. 4-498 - 
IRFP252 27.0A, 200V, 0.1200, N-Channel Power MOSFET.............. 0.00 c ce eee tenes 4-498 - 
IRFP252R 27.0A, 200V, 0.1202, Avalanche Rated, N-Channel Power MOSFET................. 4-498 - 
IRFP253 27.0A, 150V, 0.120, N-Channel Power MOSFET.......... 0.0.0 cc cee cee ee eee ees 4-498 - 
IRFP253R 27.0A, 150V, 0.1209, Avalanche Rated, N-Channel Power MOSFET................- 4-498 - 
IRFP254 23.0A, 250V, 0.140Q, Avalanche Rated, N-Channel Power MOSFET................. 4-503 =—s- 
IRFP255 21.0A, 250V, 0.1702, Avalanche Rated, N-Channel Power MOSFET...............-. 4-503 - 
IRFP256 23.0A, 275V, 0.140Q, Avalanche Rated, N-Channel Power MOSFET................. 4-503 - 
IRFP257 21.0A, 275V, 0.170, Avalanche Rated, N-Channel Power MOSFET................. 4-503 - 
IRFP340 11.0A, 400V, 0.550, Avalanche Rated, N-Channel Power MOSFET................. 4-508 - 
IRFP341 11.0A, 350V, 0.550, Avalanche Rated, N-Channel Power MOSFET............ sai aah 4-508 - 
IRFP342 8.7A, 400V, 0.8002, Avalanche Rated, N-Channel Power MOSFET................6- 4-508 - 
IRFP343 8.7A, 350V, 0.8002, Avalanche Rated, N-Channel Power MOSFET.................. 4-508 - 
IRFP350 16.0A, 400V, 0.3002, N-Channel Power MOSFET......... 0.0.00 c cece ce eee eens 4-513 - 
IRFP350R 16.0A, 400V, 0.3000, Avalanche Rated, N-Channel Power MOSFET................. 4-513 - 
IRFP351 16.0A, 350V, 0.3002, N-Channel Power MOSFET........... 0.000: c cece eee e eee 4-513 - 
IRFP351R 16.0A, 350V, 0.3002, Avalanche Rated, N-Channel Power MOSFET................. 4-513 - 
IRFP352 14.0A, 400V, 0.4000, N-Channel Power MOSFET........... 0.0000 cece eee cece ees 4-513 - 
IRFP352R 14.0A, 400V, 0.400Q, Avalanche Rated, N-Channel Power MOSFET................. 4-513 - 
IRFP353 14.0A, 350V, 0.400Q, N-Channel Power MOSFET............ 000s cece n ene eens 4-513 - 
IRFP353R 14.0A, 350V, 0.4002, Avalanche Rated, N-Channel Power MOSFET................. 4-513 - 
IRFP360 23.0A, 400V, 0.2002, Avalanche Rated, N-Channel Power MOSFET................. 4-518 - 
IRFP362 20.0A, 400V, 0.250Q, Avalanche Rated, N-Channel Power MOSFET................. 4-518 - 
IRFP440 i 8.8A, 500V, 0.850Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-523 ~=—s«- 
IRFP441 8.8A, 450V, 0.8502, Avalanche Rated, N-Channel Power MOSFET.................. 4-523 - 
IRFP442 7.7A, 500V, 1.1002, Avalanche Rated, N-Channel Power MOSFET................-. 4-523 - 
IRFP443 7.7A, 450V, 1.100, Avalanche Rated, N-Channel Power MOSFET................08- 4-523 - 
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IRFP450 14.0A, 500V, 0.4002, N-Channel Power MOSFET... 1.2... 0.0... cee eee 4-528 - 

IRFP450R 14.0A, 500V, 0.400Q, Avalanche Rated, N-Channel Power MOSFET................. 4-528 - 

IRFP451 14.0A, 450V, 0.4002, N-Channel Power MOSFET........... 0.20. c eee eee ee eee 4-528 - 

IRFP451R 14.0A, 450V, 0.400Q, Avalanche Rated, N-Channel Power MOSFET................. 4-528 - 

IRFP452 12.0A, 500V, 0.5002, N-Channel Power MOSFET........ 0.0.0... 02: 4-528 - 

IRFP452R 12.0A, 500V, 0.500Q, Avalanche Rated, N-Channel Power MOSFET................. 4-528 - 

IRFP453 12.0A, 450V, 0.5000, N-Channel Power MOSFET............ 0.2.0 e eee ee ees 4-528 - 

IRFP453R 12.0A, 450V, 0.500, Avalanche Rated, N-Channel Power MOSFET................. 4-528 - 

IRFP460 20.0A, 500V, 0.2702, Avalanche Rated, N-Channel Power MOSFET................. 4-533 - 

IRFP462 17.0A, 500V, 0.3502, Avalanche Rated, N-Channel Power MOSFET................. 4-533 - J 6 
IRFP9140 19.0A, 100V, 0.200, Avalanche Rated, P-Channel Power MOSFET................. 5-130 - ce < 
IRFP9141 19.0A, 60V, 0.200, Avalanche Rated, P-Channel Power MOSFET.................. 5-130 - AT c 
IRFP9142 16.0A, 100V, 0.3002, Avalanche Rated, P-Channel Power MOSFET................. 5-130 - - 3 
IRFP9143 16.0A, 60V, 0.3002, Avalanche Rated, P-Channel Power MOSFET.................. 5-130 - 

IRFP9150 25.0A, 100V, 0.1502, Avalanche Rated, P-Channel Power MOSFET................. 5-135 - 

IRFP9151 25.0A, 60V, 0.1500, Avalanche Rated, P-Channel Power MOSFET.............-..4. 5-135 - 

IRFP9240 12.0A, 200V, 0.5002, Avalanche Rated, P-Channel Power MOSFET................. 5-140 - 

IRFP9241 12.0A, 150V, 0.5002, Avalanche Rated, P-Channel Power MOSFET ................. 5-140 - 

IRFP9242 10.0A, 200V, 0.700Q, Avalanche Rated, P-Channel Power MOSFET................. 5-140 - 

IRFP9243 10.0A, 150V, 0.7002, Avalanche Rated, P-Channel Power MOSFET................. 5-140 - 

IRFPC40 6.8A, 600V, 1.2000, Avalanche Rated, N-Channel Power MOSFET.................. 4-538 - 

IRFPC42 5.9A, 600V, 1.6000, Avalanche Rated, N-Channel Power MOSFET.................. 4-538 - 

IRFPG40 4.3A, 1000V, 3.5002, Avalanche Rated, N-Channel Power MOSFET................. 4-544 - 

IRFPG42 3.9A, 1000V, 4.2002, Avalanche Rated, N-Channel Power MOSFET................. 4-544 - 

IRFR110 4.7A, 100V, 0.540Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-549 - 

IRFR120 8.4A, 100V, 0.2700, Avalanche Rated, N-Channel Power MOSFET.................. 4-555 - 

IRFR121 8.4A, 80V, 0.2700, Avalanche Rated, N-Channel Power MOSFET............. be, Saat) 4-555 - 

IRFR214 2.2A, 250V, 2.000Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-560 - 

IRFR220 4.6A, 200V, 0.8002, Avalanche Rated, N-Channel Power MOSFET.................. 4-565 - 

IRFR221 4.6A, 150V, 0.800Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-565 - 

IRFR222 3.8A, 200V, 1.200Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-565 - 

IRFR320 3.1A, 400V, 1.8002, Avalanche Rated, N-Channel Power MOSFET.................. 4-570 - 

IRFR321 3.1A, 350V, 1.8000, Avalanche Rated, N-Channel Power MOSFET.................. 4-570 - 

IRFR322 2.6A, 400V, 2.5002, Avalanche Rated, N-Channel Power MOSFET................5. 4-570 - 

IRFR410 1.5A, 500V, 7.0002, Avalanche Rated, N-Channel Power MOSFET........... Tre 4-575 ee 

IRFR420 2.5A, 500V, 3.0002, Avalanche Rated, N-Channel Power MOSFET............. eer 4-580 - 

IRFR421 2.5A, 450V, 3.000Q, Avalanche Rated, N-Channel Power MOSFES soevew passe cesses 4-580 - 
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IRFR422 2.2A, 500V, 4.0002, Avalanche Rated, N-Channel Power MOSFET................. d 4-580 os 
IRFR9110 3.1A, 100V, 1.200Q, Avalanche Rated, P-Channel Power MOSFET ..........0.eesees . 43 
IRFR9120 5.6A, 100V, 0.6002, Avalanche Rated, P-Channel Power MOSFET..... erelee ensues - 49000 
IRFR9220 3.6A, 200V, 1.500Q, Avalanche Rated, P-Channel Power MOSFET................4.. ee. ~ 415. 
IRFU110 4.7A, 100V, 0.5400, Avalanche Rated, N-Channel Power MOSFET............... ... 4-549 - 
IRFU120 8.4A, 100V, 0.270Q, Avalanche Rated, N-Channel Power MOSFET.................. 4555 = 
IRFU121 8.4A, 80V, 0.270Q, Avalanche Rated, N-Channel Power MOSFET. . : ee ee 4-555 0 + 
IRFU214 2.2A, 250V, 2.000Q, Avalanche Rated, N-Channel Power MOSFET.............. 1... 4-560 = 
IRFU220 4.6A, 200V, 0.8002, Avalanche Rated, N-Channel Power MOSFET..............+.-. 4-565 - 
IRFU221 4.6A, 150V, 0.8000, Avalanche Rated, N-Channel Power MOSFET............... we. 4-565 - 
IRFU222 3.8A, 200V, 1.200Q, Avalanche Rated, N-Channel Power MOSFET.......,........ .. 4565 - 
IRFU320 3.1A, 400V, 1.8002, Avalanche Rated, N-Channel Power MOSFET..... nate ad ehitans 4-570 . 
IRFU321 3.1A, 350V, 1.8002, Avalanche Rated, N-Channel Power MOSFET................ ve 4-570 i 
IRFU322 2.6A, A00v, 2.500Q, Avalanche Rated, N-Channel Power MOSFET................-. : 4-570 - 
IRFU410 1.5A, 500V, 7.000Q, Avalanche Rated, N-Channel Power MOSFET............ Mea tant 4-575 :, 
{RFU420 2.5A, 500V, 3.000Q, Avalanche Rated, N-Channel Power MOSFET............. : _ . 4-580 - 
IRFU421 2.5A, 450V, 3.000Q, Avalanche Rated, N-Channel Power MOSFET........... eeeee 4580 
IRFU422 2.2A, 500V, 4.000Q, Avalanche Rated, N-Channel Power MOSFET............. .... 4-580 s 
IRFU9110 3.1A, 100V, 1.2002, Avalanche Rated, P-Channel Power MOSFET .................. 7 43 
IRFU9120 - §.6A, 100V, 0.600Q, Avalanche Rated, P-Channel Power MOSFET.................. = | 4-9 
IRFU9220 3.6A, 200V, 1.5002, Avalanche Rated, P-Channel Power MOSFET........... Bea 2 S 4-15 
RF1K49086 3.5A, 30V, 0.0602, Avalanche Rated, Dual N-Channel Power MOSFET............... are 7-3 
RF1K49088 3.5A, 30V, 0.0602, Avalanche Rated, Dual N-Channel Power MOSFET........... re - 7-10: 
RF1K49090 3.5A, 12V, 0.050Q, Avalanche Rated, Dual N-Channel Power MOSFET............... - | | 7-17 
RF1K49092 | 3.5A/2.5A, 12V, 0.050/0.130Q, Avalanche Rated, Logic Level, Complementary | _ oe at 

N and P-Channel Power MOSFET ....... 0.0... ce eee cece eee e eee ene ere - 784 
RF1K49093 3.5A, 12V, 0.130Q, Avalanche Rated, Logic Level, Dual P-Channel Power MOSFET..... a 7-36 
RF1K49156 6.3A, 30V, 0.030Q, Avalanche Rated, Logic Level, N-Channel Power MOSFET......... | : 7-43 
RF1K49157 6.3A, 30V, 0.0309, Avalanche Rated, N-Channel Power MOSFET............ erece | SRO 
RF1S23NO06LE 23.0A, 60V, 0.065, Logic Level, ESD Protected, N-Channel Power MOSFET.......... = 5-38 
RFIS23NO6LESM = 23.0A, 60V, 0.0652, Logic Level, ESD Protected, N-Channel Power MOSFET...... S ebicazd 7 5-38 © 
RF1S25N06 25.0A, 60V, 0.047Q, N-Channel Power MOSFET............ cece eee e eee eens ee ie | 3-27 
RF1S25N06SM 25.0A, 60V, 0.047Q, N-Channel Power MOSFET.......... 0... cece eee e eee eee ; i & 3-27 | 
RF1S30NO06LE 30.0A, 60V, 0.047, Logic Level, ESD Protected, N-Channel Power MOSFET..... ete - 45 
RF1S30NO6LESM _ 30.0A, 60V, 0.0472, Logic Level, ESD Protected, N-Channel Power MOSFET.......... _ 5-45 
RF1S30P05 30.0A, 50V, 0.065Q, Avalanche Rated, P-Channel Power MOSFET............... bee 8 4-39 
RF1S30P05SM 30.0A, 50V, 0.0652, Avalanche Rated, P-Channel Power MOSFET sind Raat enone a elece wes - 4-39 
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RF1S30P06 30.0A, 60V, 0.0652, Avalanche Rated, P-Channel Power MOSFET.................. - 4-45 
RF1S30PO06SM 30.0A, 60V, 0.0652, Avalanche Rated, P-Channel Power MOSFET................4- - 4-45 
RF1S40N10LE 40.0A, 100V, 0.0402, Avalanche Rated, Logic Level, ESD Protected, N-Channel 

| POWerMOSEED +. «sapasuee oud ok ade tne Ge tale dune eS and eae eel oak RE ee - 5-51 
RF1S40N10LESM  40.0A, 100V, 0.040, Avalanche Rated, Logic Level, ESD Protected, N-Channel 

POWerMOSFEM-sacapcent apes y panic ati Bita as Dard Ce Rates we aaa Ge ae ae a rave te - 5-51 

RF1S45NO03L 16.0A, 30V, 0.0220, Avalanche Rated, Logic Level, N-Channel Power MOSFET........ - 5-58 
RF1S45NO03LSM 16.0A, 30V, 0.0220, Avalanche Rated, Logic Level, N-Channel Power MOSFET........ - 5-58 
RF1S45N06 45.0A, 60V, 0.0282, Avalanche Rated, N-Channel Power MOSFET.................. - 3-33 
RF1S45NO6SM 45.0A, 60V, 0.0282, Avalanche Rated, N-Channel Power MOSFET................-- - 3-33 
RF1S50N06 50.0A, 60V, 0.0220, Avalanche Rated, N-Channel Power MOSFET.................. - 3-39 ! o 
RF1S50NO6SM 50.0A, 60V, 0.022, Avalanche Rated, N-Channel Power MOSFET.................. - 3-39 rs < 
RF1S60P03 60.0A, 30V, 0.027, Avalanche Rated, P-Channel Power MOSFET.................. - 4-51 rT c 
RF1S60P03SM 60.0A, 30V, 0.0272, Avalanche Rated, P-Channel Power MOSFET.................. - 4-51 i z 
RF1S70N03 — 70.0A, 30V, 0.0102, Avalanche Rated, N-Channel Power MOSFET................-. - 3-45 
RF1S70NO03SM 70.0A, 30V, 0.0102, Avalanche Rated, N-Channel Power MOSFET.................. - 3-45 
RF1S70N06 70.0A, 60V, 0.0142, Avalanche Rated, N-Channel Power MOSFET.................. - 3-51 
RF1S70NO6SM 70.0A, 60V, 0.0142, Avalanche Rated, N-Channel Power MOSFET . . 5 tbr ae hana oe - 3-51 
RFA100NO5E 100.0A, 50V, 0.0082, Avalanche Rated, N-Channel Power MOSFET................. 4-778 - 
RFB18N10CS 18.0A, 100V, 0.1002, Current Sensing, Avalanche Rated, N-Channel Power MOSFET... 7-3 7 


RFB18N10CSHM 18.0A, 100V, 0.1002, Current Sensing, Avalanche Rated, N-Channel Power MOSFET... 8-14 - 
RFB18N10CSVM 18.0A, 100V, 0.100Q, Current Sensing, Avalanche Rated, N-Channel Power MOSFET... 8-14 - 


RFD10P03L 10.0A, 30V, 0.2002, Avalanche Rated, Logic Level, P-Channel Power MOSFET........ 6-124 - 
RFD10P03LSM 10.0A, 30V, 0.2002, Avalanche Rated, Logic Level, P-Channel Power MOSFET........ 6-124 - 
RFD12NO6RLE 12.0A, 60V, 0.1350, Avalanche Rated, Logic Level, ESD Protected, N-Channel 

POWErMOSFED 4x. cedwiwai ds ceed tend E ee Saad eh e Sl Mem en eee eae ewe ee 6-70 - 
RFD12NO6RLESM _= 12.0A, 60V, 0.135, Avalanche Rated, Logic Level, ESD Protected, N-Channel 

POWSrMOGFEN 46.2052 ax Wd Oo sing olen eles hadade tee alee ae See AG 6-70 - 
RFD14N05 14.0A, 50V, 0.1000, Avalanche Rated, N-Channel Power MOSFET................-.- - 3-3 
RFD14NO05L 14.0A, 50V, 0.100, Avalanche Rated, Logic Level, N-Channel Power MOSFET........ - 5-17 
RFD14NO5LSM 14.0A, 50V, 0.1002, Avalanche Rated, Logic Level, N-Channel Power MOSFET........ - 5-17 
RFD14NO05SM 14.0A, 50V, 0.1002, Avalanche Rated, N-Channel Power MOSFET.................. - 3-3 
RFD14N06 14.0A, 60V, 0.1002, Avalanche Rated, N-Channel Power MOSFET.................. - 3-9 
RFD14N06L 14.0A, 60V, 0.100Q, Avalanche Rated, Logic Level, N-Channel Power MOSFET........ - 5-24 
RFD14NO6LSM 14.0A, 60V, 0.100, Avalanche Rated, Logic Level, N-Channel Power MOSFET........ - 5-24 
RFD14NO6SM 14.0A, 60V, 0.1002, Avalanche Rated, N-Channel Power MOSFET.................. - 3-9 
RFD15P05 15.0A, 50V, 0.150Q, Avalanche Rated, P-Channel Power MOSFET .................. - 4-27 
RFD15P05SM 15.0A, 50V, 0.150, Avalanche Rated, P-Channel Power MOSFET.................. - 4-27 


RFD15P06 
RFD15P06SM 
RFD16NO3L 
RFD16NO03LSM 
RFD16N05 
RFD16NO5L 
RFD16NO5LSM 
RFD16NO5SM 
RFD16N06 
RFD16NO6LE 


RFD16NO6LESM 


RFD16NO6SM 
RFD3055 
RFDS3055LE 


RFD3055LESM 
RFDSOS5RLE 
RFD3055RLESM 


RFD3055SM 
RFD3NO8L 
RFD3NO8LSM 
RFD4NO6L 
RFD4NO6LSM 
RFD7N10LE 


RFD7N10LESM 


RFD8P05 
RFD8PO5SM 
RFD8PO6E 
RFD8PO6ESM 
RFF60P06 
RFF70N06 
RFGSOP05 
RFG30P06 
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15.0A, 60V, 0.150Q, Avalanche Rated, P-Channel Power MOSFET............ Bipedeane 
15.0A, 60V, 0.1502, Avalanche Rated, P-Channel Power MOSFET............... Riles: 
16.0A, 30V, 0.022, Avalanche Rated, Logic Level, N-Channel Power MOSFET........ 
16.0A, 30V, 0.0220, Avalanche Rated, Logic Level, N-Channel Power MOSFET........ 
16.0A, 50V, 0.047Q, Avalanche Rated, N-Channel Power MOSFET................45. 
16.0A, 50V, 0.0470, Avalanche Rated, Logic Level, N-Channel Power MOSFET........ 
16.0A, 50V, 0.0470, Avalanche Rated, Logic Level, N-Channel Power MOSFET........ 
16.0A, 50V, 0.047, Avalanche Rated, N-Channel Power MOSFET.................. 


16.0A, 60V, 0.047Q, Avalanche Rated, N-Channel Power MOSFET.................. 


16.0A, 60V, 0.0472, Avalanche Rated, Logic Level, ESD Protected, N-Channel 
POWOR MO Srl ba acd ne bins orca wh tubes hie haya eee ee ila Ato ese au ares 


16.0A, 60V, 0.0472, Avalanche Rated, Logic Level, ESD Protected, N-Channel 
POWEPIMIGSEE! cc caee ears bh eee LAR eee ER ek eee oeateed we 


16.0A, 60V, 0.0472, Avalanche Rated, N-Channel Power MOSFET.................. 
12.0A, 60V, 0.150Q, Avalanche Rated, N-Channel Power MOSFET... BS ote tate ceeananey 


12.0A, 60V, 0.150Q, Avalanche Rated, Logic Level, ESD Protected, N-Channel 
Power MOSFET 


12.0A, 60V, 0.1502, Avalanche Rated, Logic Level, ESD Protected, N-Channel 
POWel MOSEET 12.25 isccaeuwna hoe hed eo Pata eked ee ee re ee eas 


12.0A, 60V, 0.1802, Avalanche Rated, Logic Level, ESD Protected, N-Channel 
Power MOSFET 


12.0A, 60V, 0.1800, Avalanche Rated, Logic Level, ESD Protected, N-Channel 
PowerMOSFEl co.veeere. eehctec ee twee eye eee Beedle ee eet tr khan 


12.0A, 60V, 0.1500, Avalanche Rated, N-Channel Power MOSFET.................. 
3.0A, 80V, 0.8002, Avalanche Rated, Logic Level, N-Channel Power MOSFET......... 
3.0A, 80V, 0.8009, Avalanche Rated, Logic Level, N-Channel Power MOSFET......... 
4.0A, 60V, 0.800Q, Logic Level, N-Channel Power MOSFET 
4.0A, 60V, 0.80022, Logic Level, N-Channel Power MOSFET 


ee | 


Ce | 


7.0A, 100V, 0.3000, Avalanche Rated, Logic Level, ESD Protected, N-Channel 
Power MOSFET 


7.0A, 100V, 0.3002, Avalanche Rated, Logic Level, ESD Protected, N-Channel 
POWSIIMOSRET a g.5 hu dictate at aura wale e buwa eb pai ae maces oh ee Ret 


8.0A, 50V, 0.300Q, Avalanche Rated, P-Channel Power MOSFET................... 
8.0A, 50V, 0.300, Avalanche Rated, P-Channel Power MOSFET ................... 
8.0A, 60V, 0.3002, Avalanche Rated, ESD Protected, P-Channel Power MOSFET...... 
8.0A, 60V, 0.3002, Avalanche Rated, ESD Protected, P-Channel Power MOSFET ...... 
25.0A, 60V, 0.030Q, Avalanche Rated, P-Channel Power MOSFET .................. 
25.0A, 60V, 0.025, Avalanche Rated, N-Channel Power MOSFET.................. 
30.0A, 50V, 0.0659, Avalanche Rated, P-Channel Power MOSFET .................. 
30.0A, 60V, 0.0652, Avalanche Rated, P-Channel Power MOSFET.................. 
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- «58 
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RFG40N10 40.0A, 100V, 0.0409, Avalanche Rated, N-Channel Power MOSFET................. 4-731 - 
RFG40N10LE 40.0A, 100V, 0.0400, Avalanche Rated, Logic Level, ESD Protected, N-Channel 

POWe!WOSFE! scaucsdowetecdnccenew ease ee anced Mia da ave eee we - 5-51 
RFG45N06 45.0A, 60V, 0.0282, Avalanche Rated, N-Channel Power MOSFET.................. - 3-33 
RFGS50N05 50.0A, 50V, 0.022Q, Avalanche Rated, N-Channel Power MOSFET.................. 4-750 - 
RFG50NO5L 50.0A, 50V, 0.0222, Avalanche Rated, Logic Level, N-Channel Power MOSFET........ 6-119 - 
RFG50N06 50.0A, 60V, 0.0222, Avalanche Rated, N-Channel Power MOSFET.................. - 3-39 
RFG60P03 60.0A, 30V, 0.02722, Avalanche Rated, P-Channel Power MOSFET.................. - 4-51 
RFG60P05E 30.0A, SOV, 0.0302, Avalanche Rated, P-Channel Power MOSFET................-. - 4-57 
RFG60PO6E 30.0A, 60V, 0.0302, Avalanche Rated, P-Channel Power MOSFET .................. - 4-63 zs é 
RFG7ONO6 70.0A, 60V, 0.0142, Avalanche Rated, N-Channel Power MOSFET.................. - 3-51 Pt E 
RFG75NO05E 75.0A, 50V, 0.0082, Avalanche Rated, N-Channel Power MOSFET.................. 4-773 - > = 
RFH10N45 10.0A, 450V, 0.600Q, N-Channel Power MOSFET...........-.0000 cece eee e eens 4-645 - o in 
RFH10N50 10.0A, 500V, 0.6002, N-Channel Power MOSFET............. 0.0... e eee ee eee 4-645 - 
RFH12N35 12.0A, 350V, 0.3802, N-Channel Power MOSFET.............. 00-0 e eee eee eee .. 4-666 - 
RFH12N40 12.0A, 400V, 0.380Q, N-Channel Power MOSFET............ 02.0. c eee ee eee 4-666 - 
RFH25N18 25.0A, 180V, 0.1500, N-Channel Power MOSFET........---- eee eee eee eee 4-707 - 
RFH25N20 25.0A, 200V, 0.150, N-Channel Power MOSFET..........--.. 0.02 e cee eee renee 4-707 - 
RFH25P08 25.0A, 80V, 0.1502, P-Channel Power MOSFET............0 000: eee een ee eens 5-183 - 
RFH25P10 25.0A, 100V, 0.150Q, P-Channel Power MOSFET.............. 02.0 c cece eee eee es 5-183 - 
RFH30N12 30.0A, 120V, 0.075Q, N-Channel Power MOSFET............-. 00-0 e eee eee eee 4-715 - 
RFH30N15 30.0A, 150V, 0.0750, N-Channel Power MOSFET...........-- 0002 cee eee eee ee eee 4-715 - 
RFH35N08 35.0A, 80V, 0.0552, N-Channel Power MOSFET.............. 00.002 e ee eee eens 4-723 - 
RFH35N10 35.0A, 100V, 0.055, N-Channel Power MOSFET............-. 00: c eee eee eee eens 4-723 - 
RFH45N05 45.0A, 50V, 0.0402, N-Channel Power MOSFET..... 2.0.2... .0 0.0 cee eee eee nee 4-742 - 
RFH45N06 45.0A, 60V, 0.0402, N-Channel Power MOSFET............. 0.000 e eee eee ee eee 4-742 - 
RFH75NO05E 75.0A, 50V, 0.0082, Avalanche Rated, N-Channel Power MOSFET.................. 4-773 - 
RFK25N18 25.0A, 180V, 0.150, N-Channel Power MOSFET............ 0... ee eee eee eee eee 4-711 - 
RFK25N20 25.0A, 200V, 0.1500, N-Channel Power MOSFET.......... 0... cece eee ee eee eee 4-711 - 
RFK25P08 25.0A, 80V, 0.150, P-Channel Power MOSFET... 1.2.2.0... 0. ccc eee eee ene 5-183 - 
RFK25P10 25.0A, 100V, 0.150, P-Channel Power MOSFET.............. 00. e eee eee eee eee 5-183 - 
RFK30N12 30.0A, 120V, 0.0752, N-Channel Power MOSFET.......... 0... 00 cee eee eee eens 4-719 - 
RFK30N15 30.0A, 150V, 0.075Q, N-Channel Power MOSFET................ 002.00 e eee eee 4-719 - 
RFK35N08 35.0A, 80V, 0.055Q, N-Channel Power MOSFET..... 2.0... 0... cee eee ee eee 4-727 - 
RFK35N10 35.0A, 100V, 0.0552, N-Channel Power MOSFET.............- 0. ee eee eee ee eee 4-727 - 
RFK45N05 45.0A, 50V, 0.040Q, N-Channel Power MOSFET............ 0.2.0.0. e ee eee eee 4-746 - 
RFK45N06 4-746 - 


45.0A, 60V, 0.0400, N-Channel Power MOSFET............ 0.000 e eee ect e enone 
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RFL1NO8 1.0A, 80V, 1.200Q, N-Channel Power MOSFET............ 0.0: c cece eee eee eens 4-585 - 
RFLINO8L | 1.0A, 80V, 1.200, Logic Level, N-Channel Power MOSFET .................-0005- 6-19 - 
RFL1N10 1.0A, 100V, 1.200, N-Channel Power MOSFET........... 0.000 cece eee eee eee 4-585 - 
RFLIN10L 1.0A, 100V, 1.200, Logic Level, N-Channel Power MOSFET .............-...-0005- 6-19 - 
RFLIN12 1.0A, 120V, 1.9000, N-Channel Power MOSFET.............. 02: ee cece eee ee eee 4-589 - 
RFL1IN12L 1.0A, 120V, 1.900, Logic Level, N-Channel Power MOSFET ..................-05- 6-23 - 
RFLIN15 1.0A, 150V, 1.9002, N-Channel Power MOSFET......... 0.0.0... eee ce ee 4-589 - 
RFLIN15L 1.0A, 150V, 1.900, Logic Level, N-Channel Power MOSFET ...................... 6-23 - 
RFL1N18 1.0A, 180V, 3.650, N-Channel Power MOSFET.......... 0.0.0 cece eee eee eee 4-593 - 
RFLIN18L 1.0A, 180V, 3.650, Logic Level, N-Channel Power MOSFET ...................... 6-27 - 
RFL1N20 1.0A, 200V, 3.6502, N-Channel Power MOSFET.... 2.0... 0.00.0. ccc ee ee eee 4-593 - 
RFLIN2OL 1.0A, 200V, 3.650, Logic Level, N-Channel Power MOSFET ...........-......-05- 6-27 - 
RFL1P08 1.0A, 80V, 3.6502, P-Channel Power MOSFET.......... 0.0... e eee eee 5-145 - 
RFL1P10 1.0A, 100V, 3.6502, P-Channel Power MOSFET........... 0... cece eee 5-145 - 
RFL2NO5 2.0A, 50V, 0.9502, N-Channel Power MOSFET............... 000. e eee eee eee ee 4-597 - 
RFL2NO5L 2.0A, 50V, 0.950Q, Logic Level, N-Channel Power MOSFET ............-.-.00-000- 6-31 - 
RFL2NO06 2.0A, 60V, 0.9502, N-Channel Power MOSFET............ 0.0.0.0 cc eee ee eee eee 4-597 - 
RFL2NO6L 2.0A, 60V, 0.950, Logic Level, N-Channel Power MOSFET Sicofer toa bath arenas eo usa aes & 6-31 - 
RFL4N12 4.0A, 120V, 0.4002, N-Channel Power MOSFET............ 0... 0c eee eee eee 4-621 - 
RFL4N15 4.0A, 150V, 0.4002, N-Channel Power MOSFET.............. 000 e ee eee eee eee eee 4-621 - 
RFM10N12 10.0A, 120V, 0.300Q, N-Channel Power MOSFET..............-. 0c cece eee eee eee 4-641 - 
RFM10N12L 10.0A, 120V, 0.3009, Logic Level, N-Channel Power MOSFE?R -cxvsavinnsd oe ete ke 6-66 - 
RFM10N15 10.0A, 150V, 0.3002, N-Channel Power MOSFET..... 0... 0... cece eee eee 4-641 - 
RFM10N15L 10.0A, 150V, 0.300Q, Logic Level, N-Channel Power MOSFET ................20005 6-66 - 
RFM10N45 10.0A, 450V, 0.600Q, N-Channel Power MOSFET........... 0.000 cece ee eee eens 4-649 - 
RFM10N50 10.0A, 500V, 0.600Q, N-Channel Power MOSFET........... 00... e eee eee eee 4-649 - 
RFM10P12 10.0A, 120V, 0.500Q, P-Channel Power MOSFET........... 0.000 cece ence eens 5-170 - 
RFM10P15 10.0A, 150V, 0.500Q, P-Channel Power MOSFET........ 0.0.0.0 eee eee eee 5-170 - 
RFM12N08 12.0A, 80V, 0.2002, N-Channel Power MOSFET..... ee ea a eer eee 4-659 - 
RFM12NO08L 12.0A, 80V, 0.200, Logic Level, N-Channel Power MOSFET ...................... 6-75 - 
RFM12N10 12.0A, 100V, 0.2002, N-Channel Power MOSFET.............. 0.2 c eee ee eee eee 4-659 - 
RFM12N10L 12.0A, 100V, 0.2000, Logic Level, N-Channel Power MOSFET ..................05. 6-75 - 
RFM12N18 12.0A, 180V, 0.250Q, N-Channel Power MOSFET............. 0... cece eee ee eee 4-663 - 
RFM12N20 12.0A, 200V, 0.250, N-Channel Power MOSFET..............-.0---0005- eee 4-663 - 
RFM12N35 12.0A, 350V, 0.5000, N-Channel Power MOSFET............-.- 20 eee eee ee eee eee 4-671 - 
RFM12N40 12.0A, 400V, 0.5009, N-Channel Power MOSFET............. 20.2 cece eee eee eee 4-671 - 
RFM12P08 12.0A, 80V, 0.300Q, P-Channel Power MOSFET............ 00 cc cece eee eee eens 5-174 - 
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RFM12P10 
REM15NO5 | 
_ REM15NOSL 
RFM15NO6 
REM15NO6L 
RFM15N12 
_ REM15N15 
RFM18N08 
RFM18N10 
REM3N45 

~ RFM3N50 
_RFM4N35 
RFM4N40 
RFMS5P12 
--RFMSP15 
RFM6N45 
RFM6N50 

_ RFM6P08 
RFM6P10 
RFM7N35 
RFM7N40 
REM8N18L. 
REM8N20L 
RFM8P08 
RFEMBP10 
RFP10N12 
RFP10N12L 
RFP10N15 
_ RFPIONISL 
RFP10P03L 
RFP10P12 
RFP10P15 
RFP12NO6RLE 


REP12N08 
RFP12NO8L 
RFP12N10 
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12.0A, 100V, 0.300Q, P-Channel Power MOSFET... . 2.0.0... 00.0. eee 
15.0A, 50V, 0.1400, N-Channel Power MOSFET........0.. 0.0.0.0. 0.00 cee eens 
15.0A, 50V, 0.140, Logic Level, N-Channel Power MOSFET ................-0005- 
15.0A, 60V, 0.1402, N-Channel Power MOSFET........... 00.0: eee eee cence teens 
15.0A, 60V, 0.140, Logic Level, N-Channel Power MOSFET .................0005: 
15.0A, 120V, 0.150Q, N-Channel Power MOSFET........... 0.0.2: e eee eee et ees 
15.0A, 150V, 0.1500, N-Channel Power MOSFET. ...........0. 0000s eeeeeeeeee ee 
18.0A, 80V, 0.100Q, N-Channel Power MOSFET............ 0.0.00 cece ee eee teens 
18.0A, 100V, 0.100, N-Channel Power MOSFET............ 00. c eee eee eee eens 
3.0A, 450V, 3.0002, N-Channel Power MOSFET............. 0... eee eee 
3.0A, 500V, 3.0002, N-Channel Power MOSFET............ 0.0.00 ce eee eee eens 
4.0A, 350V, 2.0002, N-Channel Power MOSFET. ......... 0.00.0 c ee eee eee eee eee 
4.0A, 400V, 2.0002, N-Channel Power MOSFET............ 02.02 cece eee eens 
5.0A, 120V, 1.0002, P-Channel Power MOSFET............-. 20. e eee eee eens 
5.0A, 150V, 1.000Q, P-Channel Power MOSFET............ 00.00.02 ee eee eee eee 
6.0A, 450V, 1.2502, N-Channel Power MOSFET............-. 002 eee eee eee eee 


| 6.0A, 500V, 1.250Q, N-Channel Power MOSFET. ............. 0000: cece eee e eens 


6.0A, 80V, 0.6002, P-Channel Power MOSFET............0 0.000 cee eee eee e eens 
6.0A, 100V, 0.600Q, P-Channel Power MOSFET.................. reas 
7.0A, 350V, 0.750Q, N-Channel Power MOSFET............0 0: cece cence eee eees 


_7.0A, 400V, 0.750, N-Channel Power MOSFET. ......... 0.0... ccc cee ee eee 
8.0A, 180V, 0.5002, Logic Level, N-Channel Power MOSFET ................00005- 


8.0A, 200V, 0.500, Logic Level, N-Channel Power MOSFET ................0 00008 
8.0A, 80V, 0.400Q, P-Channel Power MOSFET..............0 ccc cee cecceeceneee 
8.0A, 100V, 0.400Q, P-Channel Power MOSFET........... 0.0.0... ccc eee eee 


10.0A, 120V, 0.3002, N-Channel Power MOSFET............ccccecccecscceuceeeese 


10.0A, 120V, 0.3002, Logic Level, N-Channel Power MOSFET .................-05. 
10.0A, 150V, 0.3002, N-Channel Power MOSFET.......... 00.0.0 e eee eee ees 
10.0A, 150V, 0.300Q, Logic Level, N-Channel Power MOSFET ................. ee 
10.0A, 30V, 0.2002, Avalanche Rated, Logic Level, P-Channel Power MOSFET........ 
10.0A, 120V, 0.5002, P-Channel Power MOSFET........... 0.002. e ee eee eee eee 
10.0A, 150V, 0.5002, P-Channel Power MOSFET.......... 0.0.0... cece eee ee eee ees 


12.0A, 60V, 0.1352, Avalanche Rated, Logic Level, ESD Protected, N-Channel 
POWSFMOSFE! ewan oahu an dumiaieare Ata ceeds eee ewe aga eye ae 


-12.0A, BOV, 0.2000, N-Channel Power MOSFET............cccccccecceucceeeuees 


12.0A, 80V, 0.2002, Logic Level, N-Channel Power MOSFET ...............-.00000- 


12.0A, 100V, 0.2002, N-Channel Power MOSFET. .........-.- 2s eee ee eee eee ee 
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RFP12N10L 12.0A, 100V, 0.200Q, Logic Level, N-Channel Power MOSFET ...... Pima Oe ees ne 6-75 - 
RFP12N18 12.0A, 180V, 0.250Q, N-Channel Power MOSFET................. Measure paeaeae 4-663 - 
RFP12N20 12.0A, 200V, 0.250Q, N-Channel Power MOSFET........... eee toe ee ee 4-663 - 
RFP12P08 12.0A, 80V, 0.300, P-Channel Power MOSFET.............. ee ee eee Abe aurea 5-174 - 
RFP12P10 12.0A, 100V, 0.300, P-Channel Power MOSFET............. 2.0. c ee eee eee eens 5-174 - 
RFP14N05 14.0A, 50V, 0.1002, Avalanche Rated, N-Channel Power MOSFET.................. - 3-3 
RFP14NO5L 14.0A, 50V, 0.100, Avalanche Rated, Logic Level, N-Channel Power MOSFET........ - 5-17 
RFP14N06 14.0A, 60V, 0.1002, Avalanche Rated, N-Channel Power MOSFET............ inet - 3-9 
RFP14NO6L 14.0A, 60V, 0.1002, Avalanche Rated, Logic Level, N-Channel Power MOSFET........ - 5-17 
RFP15N05 15.0A, 50V, 0.140Q, N-Channel Power MOSFET.........5 0... 0002 cee eee eee Lik ples 4-680 - 
RFP15NO5L 15.0A, 50V, 0.140, Logic Level, N-Channel Power MOSFET .......... spun ts Ba. alae 6-84 - 
RFP15N06 15.0A, 60V, 0.140, N-Channel Power MOSFET........... sa sah as raiea sea asa bins Bea 4-680 - 
RFP15NO6L 15.0A, 60V, 0.140, Logic Level, N-Channel Power MOSFET ............... miieeean 6-84 - 
RFP15NO8L 15.0A, 80V, 0.1400, Logic Level, N-Channel Power MOSFET .................--05- 9-7 - 
RFP15N12 15.0A, 120V, 0.150Q, N-Channel Power MOSFET............ 0.2... cc eee eee eee 4-686 - 
RFP15N15 15.0A, 150V, 0.1502, N-Channel Power MOSFET...........-. 0c cece eee ee eee 4-686 - 
RFP15P05 15.0A, 50V, 0.1500, Avalanche Rated, P-Channel Power MOSFET.................. - 4-27 
RFP15P06 15.0A, 60V, 0.150, Avalanche Rated, P-Channel Power MOSFET..... sal ihe ead Seas 4-33 
RFP17NO6L 17.0A, 60V, 0.100, Logic Level, N-Channel Power MOSFET ........... ene Ryaslaese a testes 6-99 - 
RFP18N08 18.0A, 80V, 0.1002, N-Channel Power MOSFET....... wilde’ oh Reso Wie. -e aerate aud hea ees 4-694 - 
RFP18N10 18.0A, 100V, 0.1000, N-Channel Power MOSFET.................00. ai eseraea wena ee 4-694 - 
RFP22N10 22.0A, 100V, 0.0802, Avalanche Rated, N-Channel Power MOSFET................. 4-698 - 
RFP23N06LE 23.0A, 60V, 0.065Q, Logic Level, ESD Protected, N-Channel Power MOSFET.......... - 5-38 
RFP25N05 25.0A, 50V, 0.0479, Avalanche Rated, N-Channel Power MOSFET.................. 4-702 - 
RFP25N05L 25.0A, 50V, 0.047Q, Avalanche Rated, Logic Level, N-Channel Power MOSFET........ 6-103 - 
RFP25N06 25.0A, 60V, 0.047Q, N-Channel Power MOSFET........... 0... cee eee eee ee eens - 3-27 
RFP25NO6L 25.0A, 60V, 0.085, Logic Level, N-Channel Power MOSFET ...............-00000e 6-108 - 
RFP2N08 2.0A, 80V, 1.0500, N-Channel Power MOSFET............-. 0.0 eee eee ees 4-601 - 
RFP2NO8L 2.0A, 80V, 1.0500, Logic Level, N-Channel Power MOSFET ..............-00 cease 6-40 - 
RFP2N10 2.0A, 100V, 1.05022, Avalanche Rated, Logic Level, ESD Protected, N-Channel 

Power MOSFET «02... cece cece eter eter eee eee e nen ee es 4-601 : 
RFP2N10L 2.0A, 100V, 1.050, Logic Level, N-Channel Power MOSFET ...............0.0000- 6-40 - 
RFP2N12 2.0A, 120V, 1.7502, N-Channel Power MOSFET............ 0.00 eens 4-605 - 
RFP2N12L 2.0A, 120V, 1.750Q, Logic Level, N-Channel Power MOSFET ............ bn Steeda 6-44 - 
RFP2N15 2.0A, 150V, 1.7502, N-Channel Power MOSFET.......... 0... 0... cee eee eee eee 4-605 - 
RFP2N15L 2.0A, 150V, 1.750Q, Logic Level, N-Channel Power MOSFET ...............--. 00005 6-44 - 
RFP2N18 2.0A, 180V, 3.500Q, N-Channel Power MOSFET........... 0.00 cece cence eee eens 4-609 - 
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RFP2N18L 2.0A, 180V, 3.500Q, Logic Level, N-Channel Power MOSFET ...............000 ees 6-48 _ 
RFP2N20 2.0A, 200V, 3.5000, N-Channel Power MOSFET. ......... 0.0... cece ee eee eee eee 4-609 - 
RFP2N20L 2.0A, 200V, 3.500, Logic Level, N-Channel Power MOSFET ............-0. 00 n ees 6-48 - 
RFP2P08 2.0A, 80V, 3.5002, P-Channel Power MOSFET... ......... 0.00 cece eee eee eee ees 5-149 - 
RFP2P10 2.0A, 100V, 3.500, P-Channel Power MOSFET............. 0... e eee eee eee eee 5-149 - 
RFP3055 12.0A, 60V, 0.1502, Avalanche Rated, N-Channel Power MOSFET.................. 4-653 - 
RFP3055LE 12.0A, 60V, 0.150Q, Avalanche Rated, Logic Level, ESD Protected, N-Channel 

FOWE!MOSEEN iccnr as pi tcinn tee enema ee Re ehh Re ahaa etd ae sa ae oane ly - 5-3 
RFP3055RLE 12.0A, 60V, 0.1800, Avalanche Rated, Logic Level, ESD Protected, N-Channel 

Power MOSEE! 4.c(.esn teenth Gee bane nOeewsoan bass ecthen eed choutadedemeeans 6-64 - = 
RFPSONO6LE 30.0A, 60V, 0.0470, Logic Level, ESD Protected, N-Channel Power MOSFET.......... - 5-45 z 2 
RFPS3OP05 30.0A, 50V, 0.065, Avalanche Rated, P-Channel Power MOSFET......... eeeerr - 4-39 17 = 
RFP3OP06 30.0A, 60V, 0.0652, Avalanche Rated, P-Channel Power MOSFET............. ee - 4-45 i S 
RFP3N45 3.0A, 450V, 3.0002, N-Channel Power MOSFET........... 2.0.00 cece eee ee eens 4-613 - < 
RFP3N50 3.0A, 500V, 3.0000, N-Channel Power MOSFET........... 0.0... cece eee eee eee 4-613 - 
RFP40N10 40.0A, 100V, 0.0402, Avalanche Rated, N-Channel Power MOSFET................. 4-731 - 
RFP40N10LE 40.0A, 100V, 0.040, Avalanche Rated, Logic Level, ESD Protected, N-Channel 

POWER MOSEE! s203¢44).05.5e eek a wis We bowGe nb Ge RM ende dene bate ems - 5-51 
RFP45NO03L 16.0A, 30V, 0.022Q, Avalanche Rated, Logic Level, N-Channel Power MOSFET........ - 5-58 
RFP45N06 45.0A, 60V, 0.028, Avalanche Rated, N-Channel Power MOSFET................-. - 3-33 
RFP4N05 4.0A, 50V, 0.8002, N-Channel Power MOSFET...........- 0.00: e eee eee eee eee 4-617 - 
RFP4NO5L 4.0A, 50V, 0.800Q, Logic Level, N-Channel Power MOSFET ...............000 eae 6-52 - 
RFP4N06 4.0A, 60V, 0.8002, N-Channel Power MOSFET............ 0.00.00 ccc eee ee eee 4-617 - 
RFP4NO6L 4.0A, 60V, 0.8002, Logic Level, N-Channel Power MOSFET ...............00 0200 ee 6-52 - 
RFP4N100 4.3A, 1000V, 3.5002, Avalanche Rated, N-Channel Power MOSFET................. 4-629 - 
RFP4N35 4.0A, 350V, 2.0002, N-Channel Power MOSFET........... 0... e eee eee eee 4-625 - 
RFP4N40 4.0A, 400V, 2.0002, N-Channel Power MOSFET............ 0... eee eee eee eee 4-625 - 
RFP50N05 50.0A, 50V, 0.0222, Avalanche Rated, N-Channel Power MOSFET.................. 4-750 - 
RFP50NO5L 50.0A, 50V, 0.022, Avalanche Rated, Logic Level, N-Channel Power MOSFET........ 6-119 - 
RFP50N06 50.0A, 60V, 0.0220, Avalanche Rated, N-Channel Power MOSFET.................. - 3-39 
RFP5P12 5.0A, 120V, 1.0002, P-Channel Power MOSFET............. 0.0 cece eee eee tenes 5-153 - 
RFP5P15 5.0A, 150V, 1.0000, P-Channel Power MOSFET.............. 00 ce eee eee ee eee 5-153 - 
RFP60P03 60.0A, 30V, 0.027, Avalanche Rated, P-Channel Power MOSFET .................. - 4-51 
RFP6N45 6.0A, 450V, 1.2500, N-Channel Power MOSFET........... 0.0.0: eee eee eee eee ee 4-633 - 
RFP6N50 6.0A, 500V, 1.2500, N-Channel Power MOSFET........... 0.0... cece eee eee ee eee 4-633 - 
RFP6P08 6.0A, 80V, 0.600Q, P-Channel Power MOSFET............ 0.0: e eee eee eee eee 5-157 - 
RFP6P10 6.0A, 100V, 0.600@, P-Channel Power MOSFET........... 0... c eee eee eee eee eee 5-157 - 


RFP70NO3 70.0A, 30V, 0.0102, Avalanche Rated, N-Channel Power MOSFET.................. - 3-45 
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RFP7ONO6 70.0A, 60V, 0.014Q, Avalanche Rated, N-Channel Power MOSFET.................. — 3-51 
RFP7N10LE 7.0A, 100V, 0.300, Avalanche Rated, Logic Level, ESD Protected, N-Channel 

Powe! MOSFET sta cee y eae oa eee TEER aus Swe es BER A OETA ome es omens - - 
RFP7N35 7.0A, 350V, 0.750Q, N-Channel Power MOSFET.......... 0.000 ccc eee cece ee eens 4-637 - 
RFP7N40 7.0A, 400V, 0.7502, N-Channel Power MOSFET..... ee eee eee err eee ee re 4-637 - 
RFP8N18L 8.0A, 180V, 0.500, Logic Level, N-Channel Power MOSFET ...............2.00055 6-62 - 
RFP8N20L 8.0A, 200V, 0.500, Logic Level, N-Channel Power MOSFET .................0005. 6-62 - 
RFP8P05 8.0A, 50V, 0.300, Avalanche Rated, P-Channel Power MOSFET................... 5-161 - 
RFP8PO6E 8.0A, 60V, 0.3002, Avalanche Rated, ESD Protected, P-Channel Power MOSFET...... - 4-21 
RFP8P08 8.0A, 80V, 0.400Q, P-Channel Power MOSFET........... 0.0002 cere eee eee eee 5-166 - 
RFP8P10 8.0A, 100V, 0.4002, P-Channel Power MOSFET...........0 0... 0.00 eee ee ees 5-166 - 
RFV10N50BE 10.0A, 500V, 0.480Q, Avalanche Rated, Fast Switching N-Channel Power MOSFET..... 7-8 - 
RFW2NO6RLE 2.0A, 60V, 0.1602, Avalanche Rated, Logic Level, ESD Protected, N-Channel 

POWEr MOGFE 0 isis els peice AEA 6 ae a Eee eee oe awe Got ae aed 6-35 - 
RLDO3SNO6CLE 0.3A, 60V, 6.000Q, Voltage Clamping, Current Limiting, Logic Level, ESD Protected, 

N-Channel Power MOSFET .........0. 0... cc eee ee eee eee eee teens - 6-3 
RLDO3SNO6CLESM  0.3A, 60V, 6.000Q, Voltage Clamping, Current Limiting, Logic Level, ESD Protected, 

N-Channel Power MOSFET ......... 0.0... ccc cee eee ee eee eee teen eens - 6-3 
RLPO3SNO6CLE 0.3A, 60V, 6.0002, Voltage Clamping, Current Limiting, Logic Level, ESD Protected, 

N-Channel: Power MOSFET sion oun fo oN es8 eke ea ta ey bbe ee Vek Raa ea - 6-3 
RLP1NO6CLE 1.0A, 60V, 0.750, Voltage Clamping, Current Limiting, Logic Level, ESD Protected, 

N-Channel PowerMOSFE? :cscc0d eek eed een eo 24 kee hENER LOADER ELAS ERA 7-13 - 
RLP1NO8LE 1.0A, 80V, 0.750Q, Current Limiting, Logic Level, ESD Protected, N-Channel 

POWS! MOSFET «surat ar eee oulan ewe lait bene ace Geivane See eee Rees 7-20 - 
RLPSNO8LE 5.0A, 80V, 0.120, Current Limiting, Logic Level, ESD Protected, N-Channel 

POWEFMOSFER gyicisrs oa tet OR cow ew eee Bey Bee Re RS DA OAR eee 7-27 - 
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RFB18N10CS 18.0A, 100V, 0.1002, Current Sensing, Avalanche Rated, N-Channel Power MOSFET ... 7-3 - 
RLPS5NO8LE 5.0A, 80V, 0.120, Current Limiting, Logic Level, ESD Protected, N-Channel 
POWSR MOSRE DT 24 424 ab.ers SE eee a AES ed DARA ee Oe OPTRA ee ROS 7-27 - 
RLP1NO8LE 1.0A, 80V, 0.7502, Current Limiting, Logic Level, ESD Protected, N-Channel 
POWer MOSEEE or s.c555e4e bees Suet Bee ees ata Ries eee lap ee ee Oke ee 7-20 - 
RLP1NO6CLE 1.0A, 60V, 0.7502, Voltage Clamping, Current Limiting, Logic Level, ESD Protected, 
N-Channel Power MOSrEt « sics-cecte hear eouu eee heen tele et dhe eens eae es 7-13 - 
RLDOS3NO6CLE, 0.3A, 60V, 6.0002, Voltage Clamping, Current Limiting, Logic Level, ESD Protected, 
RLDOSNO6CLESM, N-Channel Power MOSFET............ 0.00 e cece ce eee nee e een eens - 6-3 
RLPOSNO6CLE > 
RFV10NSOBE 10.0A, S00V, 0.480Q, Fast Switching, Avalanche Rated, N-Channel Power MOSFET..... 7-8 : z 2 
[s oa: § 
Ww = 
LOGIC LEVEL POWER MOSFET DATA SHEETS AT rs 
O 
2N6901 1.7A, 100V, 1.4002, Logic Level, N-Channel Power MOSFET............. 000000000. 6-3 - = 
2N6902 12.0A, 100V, 0.200Q, Logic Level, N-Channel Power MOSFET...................05. 6-7 - 
2N6903 1.0A, 200V, 3.650, Logic Level, N-Channel Power MOSFET...............0000005- 6-11 - 
2N6904 8.0A, 200V, 0.600, Logic Level, N-Channel Power MOSFET..................0005. 6-15 - 
RF1S23NO6LE, 23.0A, GOV, 0.065, Logic Level, ESD Protected, N-Channel Power MOSFET.......... - 5-38 
RF1S23NO6LESM, 
RFP23NO6LE 
RF1S30NO6LE, 30.0A, 60V, 0.0470, Logic Level, ESD Protected, N-Channel Power MOSFET.......... - 5-45 
RF1S30NO6LESM, 7 
RFPSONO6LE 
RF1S40N10LE, 40.0A, 100V, 0.040Q, Avalanche Rated, Logic Level, ESD Protected, N-Channel 
RETOSONIOLESM,. “POW6Fr MOSREI ss tecs etude ove peu ein cede cates eeaew me eaas HAs ees - - 5-51 
RFG40N10LE, 
RFP40N10LE 
RF1S45NO3L, 16.0A, 30V, 0.022, Avalanche Rated, Logic Level, N-Channel Power MOSFET ........ - 5-58 
RF1S45NO3LSM, 7 
RFP45NO03L 
RFD10PO3L, 10.0A, 30V, 0.2002, Avalanche Rated, Logic Level, P-Channel Power MOSFET ........ 6-124 - 
RFD10P03LSM, 
RFP10P03L 
RFD12NO6RLE, 12.0A, 60V, 0.1352, Avalanche Rated, Logic Level, ESD Protected, N-Channel 
REDIZNOGRLESM,: : ‘Power MOSFET 20. oc. vicuseetacd eat eeswre tel id eee eai aes d oe ee hawks epaaes 6-70 - 
RFP12NO6RLE 
RFD14NO5L, 14.0A, 50V, 0.100, Avalanche Rated, Logic Level, N-Channel Power MOSFET ........ 6-79 5-17 
RFD14NO5LSM, 
RFP14NO05L 
RFD14NO6L, 14.0A, 60V, 0.1002, Avalanche Rated, Logic Level, N-Channel Power MOSFET ........ - 5-24 
RFD14NO6LSM, 
RFP14NO6L 
RFD1I6NOS3L, 16.0A, 30V, 0.022, Avalanche Rated, Logic Level, N-Channel Power MOSFET ........ - 5-31 
RFD16NO3LSM 
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PAGE PAGE 

RFD16NO5L, 16.0A, 50V, 0.047, Avalanche Rated, Logic Level, N-Channel Power MOSFET ........ 6-88 - 
RFD1I6NO5LSM 
RFD16NO6LE, 16.0A, 60V, 0.047Q, Avalanche Rated, Logic Level, ESD Protected, N-Channel 6-93 - 
RFD1I6NO6LESM Power MOSFE( taes tec tae te wcwd eoheee hase need eee weet thea 
RFD3O55LE, 12.0A, 60V, 0.1502, Avalanche Rated, Logic Level, ESD Protected, N-Channel 
RFDSO55LESM, POWER OS et tu soe tees es ee a Uae) ie ao ere ashes Sieh eae we ee - 5-3 
RFPSO55LE 
RFD3NO8L, 3.0A, 80V, 0.8002, Avalanche Rated, Logic Level, N-Channel Power MOSFET ......... - 5-10 
RFDSNO8LSM 
RFD4NO6L, 4.0A, 60V, 0.800, Logic Level, N-Channel Power MOSFET................--0000 0s 9-5 - 
RFD4NO6LSM 
RFD7N10LE, 7.0A, 100V, 0.3002, Avalanche Rated, Logic Level, ESD Protected, N-Channel 
RFD7N10LESM, POWe?r MOSFE Dinan shee ees ee fae oe aay cs bate ee See ah ek eS 6-56 - 
RFP7N10LESM 
RFGS5ONO5L, 50.0A, 50V, 0.022Q, Avalanche Rated, Logic Level, N-Channel Power MOSFET ........ 6-119 - 
RFP50NO5L 
RFL1INO8L/10L 1.0A, 80V and 100V, 1.200Q, Logic Level, N-Channel Power MOSFET................ 6-19 - 
RFLIN12L/15L 1.0A, 120V and 150V, 1.9002, Logic Level, N-Channel Power MOSFET............... 6-23 - 
RFL1IN18L/20L ~ 1.0A, 180V and 200V, 3.650Q, Logic Level, N-Channel Power MOSFET............... 6-27 - 
RFL2NOS5L/06L 2.0A, 50V and 60V, 0.950Q, Logic Level, N-Channel Power MOSFET................. 6-31 - 
RFM10M12L/15L, 10.0A, 120V and 150V, 0.300Q, Logic Level, N-Channel Power MOSFET.............. 6-66 - 
RFP10N12L/15L | 
RFM12NO08L/10L, 12.0A, 80V and 100V, 0.200Q, Logic Level, N-Channel Power MOSFET............... 6-75 - 
RFP12NO08L/10L 
RFM15NO5L/06L, 15.0A, 50V and 60V, 0.140Q, Logic Level, N-Channel Power MOSFET................ 6-84 - 
RFP15NO5L/06L 
RFM8N18L/20L, 8.0A, 180V and 200V, 0.500Q, Logic Level, N-Channel Power MOSFET............... 6-62 - 
RFP8N18L/20L 
RFP15NO08L 15.0A, 80V, 0.140, Logic Level, N-Channel Power MOSFET..................2000: 9-7 - 
RFP17NO6L 17.0A, 60V, 0.100, Logic Level, N-Channel Power MOSFET................20000 0: 6-99 - 
RFP25NO5L 25.0A, 50V, 0.047Q, Avalanche Rated, Logic Level, N-Channel Power MOSFET ........ 6-103 - 
RFP25NO6L 25.0A, 60V, 0.0852, Logic Level, N-Channel Power MOSFET................000000- 6-108 - 
RFP2NO8L/10L 2.0A, 80V and 100V, 1.050, Logic Level, N-Channel Power MOSFET................ 6-40 - 
RFP2N12L/15L 2.0A, 120V and 150V, 1.750, Logic Level, N-Channel Power MOSFET............... 6-44 - 
RFP2N18L/20L 2.0A, 180V and 200V, 3.5002, Logic Level, N-Channel Power MOSFET............... 6-48 - 
RFP4NO5L/06L 4.0A, 50V and 60V, 0.800, Logic Level, N-Channel Power MOSFET................. 6-52 - 
RFW2NO6RLE 2.0A, 60V, 0.160, Avalanche Rated, Logic Level, ESD Protected, N-Channel 

POWer MOSEE levic.cs nok es ee eae ee 2 ae ee WEGes Ri awe tees 6-35 - 
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2N6755 12.0A, 60V, 0.2500, N-Channel Power MOSFET ............. 0.2.0.0 cee eee 
2N6756 14.0A, 100V, 0.18002, N-Channel Power MOSFET ............ 0000 c ee eee eee eens 
2N6757 8.0A, 150V, 0.600, N-Channel Power MOSFET............ 0.00.00 ce eee eee eee ae 
2N6758 9.0A, 200V, 0.4002, N-Channel Power MOSFET ..........2. 00... eee eee eee 
2N6759 4.5A, 350V, 1.5002, N-Channel Power MOSFET .......... 00.000 cee eee eee eee eee 
2N6760 5.5A, 400V, 1.0002, N-Channel Power MOSFET................. 000. eee eee eee eae 
2N6761 4.0A, 450V,’'2.000Q, N-Channel Power MOSFET ............... 0.00 ce eee eee eens 
2N6762 — 4.5A, 500V, 1.5002, N-Channel Power MOSFET ........... 0.0.2 cece eee eee nes 
2N6763 31.0A, 60V, 0.0802, N-Channel Power MOSFET ............. 0.0. cc ce eee ee eee 
2N6764 38.0A, 100V, 0.0559, N-Channel Power MOSFET............0. 0.0.00... eee ee eee 
2N6765 25.0A, 150V, 0.1202, N-Channel POWerMOSPE line taco aud nae ee cote aoa eta wat 
2N6766 30.0A, 200V, 0.0852, N-Channel Power MOSFET............. 0.00.0 eee eee eae 
2N6767 12.0A, 350V, 0.4002, N-Channel Power MOSFET .................-. 00.00 ee ee aee 
2N6768 14.0A, 400V, 0.3002, N-Channel Power MOSFET............0 0.0.0.0 eee eee ees 
2N6769 11.0A, 450V, 0.500, N-Channel Power MOSFET ..............0 0: cc eee eee nee 
2N6770 12.0A, 500V, 0.400Q, N-Channel Power MOSFET .......... 0.0.0. c eee eee ees 
2N6782 3.5A, 100V, 0.6009, N-Channel Power MOSFET ..........00- 002 0c eee eee e eee eens 
2N6784 2.3A, 200V, 1.50022, N-Channel Power MOSFET ............. 0.0.00 c eee ee eee ees 
2N6786 1.3A, 400V, 3.600Q, N-Channel Power MOSFET .............. 020 e eee eee eee 
2N6788 6.0A, 100V, 0.3002, N-Channel Power MOSFET ........... 0.002: e eee eee eee ees 
2N6790 3.5A, 200V, 0.8002, N-Channel Power MOSFET ............. 0.0.00 cee eee eee eee 
2N6792 2.0A, 400V, 1.8002, N-Channel Power MOSFET ........... 0... 00. cee eee eee eee 
2N6794 1.5A, 500V, 3.000Q, N-Channel Power MOSFET .............. 000 cee eee ee eee 
2N6796 8.0A, 100V, 0.1800, N-Channel Power MOSFET ........... 0.0... cee eee ee eee es 
2N6798 5.5A, 200V, 0.4009, N-Channel Power MOSFET ............. 0... 0c ee eee ee eee eee 
2N6800 3.0A, 400V, 1.000Q, N-Channel Power MOSFET .......... 2.2... ce eee eee ee ees 
2N6802 3.5A, 500V, 1.500Q, N-Channel Power MOSFET ..........- 0.0. eee 
BUZ11 30.0A, 50V, 0.0400, N-Channel Power MOSFET .............. 00: cee eee eee ees 
BUZ20 12.0A, 100V, 0.200, N-Channel Power MOSFET .......... 0... 0. eee eens 
BUZ21 19.0A, 100V, 0.10092, N-Channel Power MOSFET ............. 00: e eee eee eee eee 
BUZ32 9.5A, 200V, 0.4000, N-Channel Power MOSFET ................ 0... ee eee eens 
BUZ351 11.5A, 400V, 0.400, N-Channel Power MOSFET .......... 0.0... eee ee 
BUZ41A 4.5A, 500V, 1.5000, N-Channel Power MOSFET ............. 0.0.0 cece eee eee wees 
BUZ42 4.0A, 500V, 2.0002, N-Channel Power MOSFET.............0... 0000 eee pba cae oe 
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PAGE PAGE 
BUZ45 9.6A, 500V, 0.600, N-Channel Power MOSFET................ 020 eee uees rere 4-125 - 
BUZ45A 8.3A, 500V, 0.8002, N-Channel Power MOSFET ............ 0.00 eee eee eens Se 4-129 - 
BUZ45B 10.0A, 500V, 0.5002, N-Channel Power MOSFET................. 000 cee eee an 4-133 - 
BUZ60 5.5A, 400V, 1.0002, N-Channel Power MOSFET................. eid ek en ae 4-137 - 
BUZ60B 4.5A, 400V, 1.50022, N-Channel Power MOSFET ............ 0... cece eee ee eee eee 4-141 - 
BUZ71 14.0A, 50V, 0.100Q, N-Channel Power MOSFET............ sctectalgrle death eee a ee 4-145 - 
BUZ71A 13.0A, 50V, 0.120Q, N-Channel Power MOSFET.......... 0... 0c cece eee eee ee eens 4-150 - 
BUZ72A 9.0A, 100V, 0.2500, N-Channel Power MOSFET .......... 0.0.00 ce ects 4-155 - 
BUZ73A 5.8A, 200V, 0.600, N-Channel Power MOSFET..............-cceceeeeaeeeeeees 4-159 : 
BUZ76 3.0A, 400V, 1.8002, N-Channel Power MOSFET............. 0... eee ee eee ee eens 4-163 - 
BUZ76A 2.6A, 400V, 2.5002, N-Channel Power MOSFET........... 0.0.0.0 cee cee ee eee ees 4-167 - 
IRF120, IRF121, 8.0A, and 9.2A, 80V and 100V, 0.270 and 0.3602, N-Channel Power MOSFET......... 4-171 - 
IRF122, IRF123 
IRF130, IRF131, 12.0A and 14.0A, 80V and 100V, 0.160 and 0.2300, Avalanche Rated*, N-Channel 
IRF132, IRF133, POWEPMOSEE bos aes oie SA oh hee oe RE Ree en Wane we a ld eee eS 4-176 - 
IRF130R, IRF131R, 
IRF132R, IRF133R 
IRF 140, IRF141, 25.0A and 28.0A, 80V and 100V, 0.077 and 0.100, Avalanche Rated*, N-Channel 
IRF142, IRF143, POWer MOSPEU sees coo i i ee es bx oe ee bo o4 eee be cee ee head wees 4-181 - 
IRF140R, IRF141R, 
IRF142R, IRF143R 
IRF150, IRF151, 33.0A and 40.0A, 60V and 100V, 0.055 and 0.0802, Avalanche Rated*, N-Channel 
IRF 152, IRF153, Powe! MOSFEN 2. 4.ccncec ane tee Pele ote be IO eb ls dee es 4-186 - 
IRF150R, IRF151R, 
IRF152R, IRF153R 
IRF220, IRF221, 4.0A and 5.0A, 150V and 200V, 0.800 and 1.200Q, N-Channel Power MOSFET......... 4-191 - 
IRF222, IRF223 | 
IRF230, IRF231, 8.0A and 9.0A, 150V and 200V, 0.400 and 0.6002, Avalanche Rated*, N-Channel 
IRF232, IRF233, POWer MOSFED o6.00 6 bce earh ices cee oo bh pee iw has od Ses Se ee beatae 4-196 - 
IRF230R, IRF231R, 
IRF232R, IRF233R 
IRF234, IRF235, 6.5A and 8.1A, 250V and 275V, 0.450 and 0.680, Avalanche Rated, N-Channel 
IRF236, IRF237 POWEE MO SPE dete tiv et oa a ee Swe OMNIS Ae tT eee aa Re eee eS 4-201 - 
IRF240, IRF241, 16.0A and 18.0A, 150V and 200V, 0.180 and 0.220Q, Avalanche Rated*, N-Channel 
IRF242, IRF243, FOWSr MOSFEN se aco ccers bet on ew ern w Gea ee ee Es ee ae eee nate 4-206 - 
IRF240R, IRF241R, 
IRF242R, IRF243R 
IRF244, IRF245, 13.0A and 14.0A, 250V and 275V, 0.280 and 0.3402, Avalanche Rated, N-Channel 4-211 - 
IRF246, IRF247 Power MOSFEI «sig sieve eile cus eden toed Bate new ee bate we ewe oe ety 
IRF250, IRF251, 25.0A and 30.0A, 150V and 200V, 0.085 and 0.120Q, Avalanche Rated”, N-Channel 
IRF252, IRF253, POWER MOSES ori sr. gas ceeds aire Saal Se es, Ae en, ea eae ees ee ds ws eS 4-216 - 
IRF250R, IRF251R, 
IRF252R, IRF253R | 
IRF254, IRF255, 20.0A and 22.0A, 250V and 275V, 0.140 and 0.170Q, Avalanche Rated*, N-Channel 
IRF256, IRF257 POWer MOSFE Piste yacsle eared Uae wack ears Ske desk SS & Ae oe ee ace bw aa haan 4-221 - 


IRF320, IRF321, 
IRF322, IRF323 


IRF330, IRF331, 
IRF332, IRF333, 
IRF330R, IRF331R, 
IRF332R, IRF333R 


IRF340, IRF341, 
IRF342, IRF343, 
IRF340R, IRF341R, 
IRF342R, IRF343R 


IRF350, IRF351, 
IRF352, IRF353, 
IRF350R, IRF351R, 
IRF352R, IRF353R 


IRF360, IRF362 


IRF 420, IRF421, 
IRF422, IRF423 


IRF430, IRF431, 
IRF432, IRF433, 
IRF430R, IRF431R, 
IRF432R, IRF433R 


IRF440. IRF441, 
IRF442, IRF443, 
IRF440R, IRF441R, 
IRF442R, IRF443R 


IRF450, IRF451, 
IRF452, IRF453, 
IRF450R, IRF451R, 
IRF452R, IRF453R 


IRF460, IRF462 


IRF510, IRF511, 
IRF512, IRF513, 
IRF510R, IRF511R, 
IRF512R, IRF513R 


IRF520, IRF521, 
IRF522, IRF523, 
IRF520R, IRF521R, 
IRF522R, IRF523R 


IRF530, IRF531, 
IRF532, IRF533, 
IRFS30R, IRF531R, 
IRF532R, IRF533R 


IRF540, IRF541, 
IRF 542, IRF543, 
IRF540R, IRF541R, 
IRF542R, IRF543R 


IRF610, IRF611, 
IRF612, IRF613, 
IRF610R, IRF611R, 
IRF612R, IRF613R 


Product Index by Family (Continued) 


2.8A and 3.3A, 350V and 400V, 1.800 and 2.500Q, N-Channel Power MOSFET....... 


4.5A and 5.5A, 350V and 400V, 1.000 and 1.500Q, Avalanche Rated*, N-Channel 


FPOWE!. MOS GET 6s.o cst Bie nee Se ae ee oS oe Be ESTOS 


8.3A and 10.0A, 350V and 400V, 0.550 and 0.8009, Avalanche Rated*, N-Channel 


POWErMOSFEN. 4 weiss vance wn dew heen tiid es teek OMe e er ewlou et gitkiooess 


13.0A and 15.0A, 350 and 400V, 0.300 and 0.400Q, Avalanche Rated’, N-Channel 


Sa 7c 1401) 2 ho al coll IRR ana aaa ge eae ee eee eee 


22.0A and 25.0A, 400V, 0.200 and 0.250, Avalanche Rated, N-Channel Power MOSFET... 
2.2A and 2.5A, 450V and 500V, 3.000 and 4.0002, N-Channel Power MOSFET....... 


4.0A and 4.5A, 450V and 500V, 1.5000 and 2.0002, Avalanche Rated’, N-Channel 


POWErMOSFE Vicad 3 Xt AS Pi ce alae aoe GEN ere nba Eee oe Oe Shai e eee 


7.0A and 8.0A, 450V and 500V, 0.850 and 1.100, Avalanche Rated*, N-Channel 


POWEEMOSFE wes ts ole Oe eae ee oR oie se ba ee Motos be aes 


11.0A and 13.0A, 450V and 500V, 0.400 and 0.500Q, Avalanche Rated*, N-Channel 


POW MOSSE Eiii ees 0 og at ek ac he Oe aw Rear, BERS Lee oa SUE Ree ae 


19.0A and 21.0A, 500V, 0.270 and 0.350, Avalanche Rated, N-Channel Power MOSFET... 


4.9A and 5.6A, 80V and 100V, 0.540 and 0.740, Avalanche Rated*, N-Channel 


POWEr MOS FE lcoet eh aches patie’ tele a aw ea Oia eee 


8.0A and 9.2A, 80V and 100V, 0.270 and 0.360, Avalanche Rated’, N-Channel 


POWSr MOSFET & «i246 256 oe eee ee oes ee eee eb et Mes be eas eee SEW eeoasoe 


12.0A and 14.0A, 80V and 100V, 0.160 and 0.2302, Avalanche Rated", N-Channel 


POWErMOSFE 1.4 26 s-teh cose ncies wiauitc WA eee nee ee ee ON Et ah baa nad 


25.0A and 28.0A, 80V and 100V, 0.077 and 0.100Q, Avalanche Rated*, N-Channel 


Power MOSFET 5226 canes Badin ae aeee soe aS ees eee Od eyes Baas 


2.6A and 3.3A, 150V and 200V, 1.5000 and 2.4002, Avalanche Rated’, N-Channel 


POWEr MOSPE Psi foice wa eine aw ents ach aaa Sale ae a eh GE ORR eee ae Kee 8 
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IRF614 2.0A, 250V, 2.0002, Avalanche Rated, N-Channel Power MOSFET .................. 4-301 - 
IRF620, IRF621, 4.0A and 5.0A, 150V and 200V, 0.800 and 1.200, Avalanche Rated”, N-Channel 
IRF622, IRF623, POWEr MOore Isichocecated aie sabes ava cae hates pat ee eee bas wane eae 4-306 - 
IRF620R, IRF621R, 
IRF622R, IRF623R 
IRF624, IRF625, 3.3A and 3.8A, 250V and 275V, 1.100 and 1.5002, Avalanche Rated, N-Channel 4-311 - 
IRF626, IRF627 Power MOSFET...............0008- aun tin wis walks SEA RaSh Bre ee aed a eee ae a 
IRF630, IRF631, 8.0A and 9.0A, 150V and 200V, 0.400 and 0.600Q, Avalanche Rated”, N-Channel 
IRF632, IRF633, POWOR IV OOF ed sa cai Jon Gartied rh ares a Ge ore Od BA A we adds a mea Abate aes 4-316 - 
IRF630R, IRF631R, 
IRF632R, IRF633R | 
IRF634 8.1A, 250V, 0.450Q, Avalanche Rated, N-Channel Power MOSFET .................. 4-321 - 
IRF634, IRF635, 6.5A, 275V, 0.680Q, Avalanche Rated, N-Channel Power MOSFET .................. 4-321 - 
IRF636, IRF637 
IRF635 6.5A, 250V, 0.680, Avalanche Rated, N-Channel Power MOSFET .................. 4-321 © - 
IRF636 8.1A, O75V, 0.450Q, Avalanche Rated, N-Channel Power MOSFET .................. 4-321 - 
IRF640, IRF641, 16.0A and 18.0A, 150V and 200V, 0.180 and 0.2202, Avalanche Rated*, N-Channel 
IRF642, IRF643, POWEr MOSFET wives vacicuew hose st Sea Be wae acs BORE eae ne A ia teen ee ale eteeds 4-326 - 
IRF640R, IRF641R, 
IRF642R, IRF643R 
IRF644, IRF645, 13.0A and 14.0A, 250V and 275V, 0.280 and 0.340Q, Avalanche Rated, N-Channel | 
IRF646, IRF647 POWGE MOSF El iiss 62.40 oes eet bee cond ee Ben le ahs he Oe Bald et aa ate aut 4-331 - 
IRF710, IRF711, 1.7A and 2.0A, 350V and 400V, 3.600 and 5.000Q, Avalanche Rated*, N-Channel 
IRF712, IRF713, POWEEMOSEE inc 5.hedin cin a bra ed toed oath Sere obo One ed eres ee eee 4-336 - 
IRF710R, IRF711R, 
IRF712R, IRF713R 
IRF720, IRF721, 2.8A and 3.3A, 350V and 400V, 1.800 and 2.500Q, Avalanche Rated*, N-Channel 
IRF722, IRF723, POWOF MOO Cis. ke 5. 6b et oe Sid ao ecnein Wierd d ahee Caled ee eaae we ea ae oie els 4-341 - 
IRF720R, IRF721R, | 
IRF722R, IRF723R | 
IRF730, IRF731, 4.5A and 5.5A, 350V and 400V, 1.000 and 1.500Q, Avalanche Rated*, N-Channel 
IRF732, IRF733, POWEORMOSR EG [is fort a  ate sa ds oie ew oh hw veterans G sau ee a s-gca aed Se ae eon 4-346 - 
IRF730R, IRF731R, 
IRF732R, IRF733R | 
IRF740, IRF741, 8.0A and 10.0A, 350V and 400V, 0.550 and 0.800Q, Avalanche Rated*, N-Channel 
IRF742, IRF743, POWSr MOSFET Ace eet okie ee eal eked be 8 Mae eae ewe ee ee ee ete EL 4-351 - 
IRF740R, IRF741R, 
IRF742R, IRF743R 
IRF820, IRF821, 2.0A and 2.5A, 450V and 500V, 3.000 and 4.0002, Avalanche Rated*, N-Channel 
IRF822, IRF823, POWEDMOSRE le 6b ee bie d one & Reh Sie sna, fae be RS ae tse ee aca ae 4-356 - 
IRF820R, IRF821R, 
IRF822R, IRF823R 
IRF830, IRF831, 4.0A and 4.5A, 450V and 500V, 1.500 and 2.000, Avalanche Rated”, N-Channel 
IRF832, IRF833, POWEr MOGEE TL asi-nnscecg2elk fated ws S edie bal ack ee BVA a alt ed ae Bie eae a Glee ae 4-361 - 
IRF830R, IRF831R, 
IRF832R, IRF833R 
IRF840, IRF841, 7.0A and 8.0A, 450V and 500V, 0.850 and 1.100Q, Avalanche Rated*, N-Channel | 
IRF842, IRF843, POWer MOSFET sSigaes ea nck ce bus wee wa ee ee Ok Se Pe ee es 4-366 - 


IRF840R, IRF841R, 
IRF842R, IRF843R 


IRFAC40, IRFAC42 
IRFBC40, IRFBC42 


IRFD110, IRFD111, 
IRFD112, IRFD113, 
IRFD110R, 
IRFD111R, 
IRFD112R, 
IRFD113R 


IRFD120, IRFD121, 
IRFD122, IRFD123, 
IRFD120R, 
IRFD121R, 
IRFD122R, 
IRFD123R 


IRFD1Z0, IRFD121, 
IRFD12Z2, IRFD1Z3 


IRFD210, IRFD211, 
IRFD212, IRFD213, 
IRFD210R, 
IRFD211R, 
IRFD212R, 
IRFD213R 


IRFD220, IRFD221, 
IRFD222, IRFD223, 
IRFD220R, 
IRFD221R, 
IRFD222R, 
IRFD223R 


IRFD2Z0, IRFD2Z1, 
IRFD2Z2, IRFD2Z3 


IRFD310, |RFD311, 
IRFD312, IRFD313, 
IRFD310R, 
IRFD311R, 
IRFD312R, 
IRFD313R 


IRFD320, IRFD321, 
IRFD322, IRFD323, 
IRFD320R, 
IRFD321R, 
IRFD322R, 
IRFD323R 


IRFF 110, IRFF111, 
IRFF112, IRFF113, 
IRFF110R, 
IRFF111R, 
IRFF112R, 
IRFF113R 


IRFF120, IRFF121, 
IRFF122, IRFF123, 
IRFF120R, 
IRFF121R, 
IRFF122R, 
IRFF123R 


Product Index by Family Continued 
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PAGE PAGE 
5.4A and 6.2A, 600V, 1.200 and 1.6002, Avalanche Rated, N-Channel Power MOSFET..... 4-371 - 
5.4A and 6.2A, 600V, 1.200 and 1.6002, Avalanche Rated, N-Channel Power MOSFET..... 4-377 - 
0.8A and 1.0A, 80V and 100V, 0.600 and 0.8002, Avalanche Rated*, N-Channel 
POWOl MOS Eb tcc nears arte eee a ed eter an Thnk. ek OA Golo. S ata end te, peek 4-383 - 
1.1A and 1.3A, 80V and 100V, 0.300 and 0.4002, Avalanche Rated*, N-Channel 
POWEIIVIOSPE U cciiac cates wed ee bic eee ae et Ae area Has ar aoe a & Geaew aes we & doe 4-388 - 


0.4A and 0.5A, 60V and 100V, 2.400 and 3.2002, N-Channel Power MOSFET.......... 4-393 
0.5A and 0.6A, 150V and 200V, 1.500 and 2.400Q, Avalanche Rated’, N-Channel 

Power MOSFET.......... aes Sapaea cease hertacs i ages sive cae Case Macatee th ca arent ee kac aa aee Gee 4-398 
0.7A and 0.8A, 150V and 200V, 0.800 and 1.2002, Avalanche Rated*, N-Channel 
POWErMOGEEN Sewer dat eo tees Re ee hee ee ae Soe We ROS eae Re 4-403 
0.3A, 150V and 200V, 5.000 and 6.5002, N-Channel Power MOSFET ................ 4-408 
0.3A and 0.4A, 350V and 400V, 3.600 and 5.000Q, Avalanche Rated*, N-Channel 
POWEFMOSRE dis ick os cae chk tee Oe ee i hae og fae bese R ea aes ek 4-413 
0.4A and 0.5A, 350V and 400V, 1.800 and 2.500Q, Avalanche Rated*, N-Channel 

POWOr MOSFET fara xs ont ee nck 's Wao oe ee Eb ce aoteatae wailed Be Bae 4-418 
3.0A and 3.5A, 80V and 100V, 0.600 and 0.8002, Avalanche Rated*, N-Channel 

POW6r MOSPFEI ce22 view bes howe batoeaiietine wlaaid Saw Bok le ROS Se eee 4-423 
5.0A and 6.0A, 80V and 100V, 0.300 and 0.4002, Avalanche Rated*, N-Channel 

POWEFMOSFED oi i432 dint ae CEE RO eR RR Ee OF atm oh Vaaw dha as wee eae 4-428 
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IRFF130, IRFF131, 
IRFF132, IRFF133, 
IRFF130R, 
IRFF131R, 
IRFF132R, 
IRFF133R 


IRFF210, IRFF211, 
IRFF212, IRFF213, 
IRFF210R, 
IRFF211R, 
IRFF212R, 
IRFF213R 


IRFF220, IRFF221, 
IRFF222, IRFF223, 
IRFF220R, 
IRFF221R, 
IRFF222R, 
IRFF223R 


IRFF230, IRFF231, 
IRFF232, IRFF233, 
IRFF230R, 
IRFF231R, 
IRFF232R, 
IRFF233R 


IRFF310, IRFF311, 
IRFF312, IRFF313, 
IRFF310R, 
IRFF311R, 
IRFF312R, 
IRFF313R 


IRFF320, IRFF321, 
IRFF322, IRFF323, 
IRFF320R, 
IRFF321R, 
IRFF322R, 
IRFF323R 


IRFF330, IRFF331, 
IRFF332, IRFF333, 
IRFF330R, 
IRFF331R, 
IRFF332R, 
IRFF333R 


IRFF420, IRFF421, 
IRFF 422, IRFF423, 
IRFF420R, 
IRFF421R, 
IRFF422R, 
IRFF423R 


IRFF430, IRFF431, 
IRFF432, IRFF433, 
IRFF430R, 
IRFF431R, 
IRFF432R, 
IRFF433R 


Product Index by Family continuea 


7.0A, and 8.0A, 80V and 100V, 0.180 and 0.250, Avalanche Rated’, N-Channel 


Powe! MOSFET o3 dassinabies th Gre peace wee menses, Sone peed e eres umess 


1.8A and 2.2A, 150V and 200V, 1.500 2.400, Avalanche Rated*, N-Channel Power MOS- 


FET “vee eee eee eee eee ee ee rer ee eee ese ener ves eee ese snes ee mene eeseeeeoseeewnvneeer oe veeeevone 


3.0A and 3.5A, 150V and 200V, 0.800 and 1.20009, Avalanche Rated*, N-Channel 


POWGS! MOSFET 3 gsc a5.o3 h4 wis y's o xiel oe wracein Mine baie Wa eae Menke bE See ve ee 


4.5A and 5.5A, 150V and 200V, 0.400 and 0.600Q, Avalanche Rated*, N-Channel 


Power MOSFET............... cc cee caeeeee ip Spee aieh etd Gt a. Goat ane Lowes lean es ails 


1.2A and 1.4A, 350V and 400V, 3.600 and 5.0002, Avalanche Rated*, N-Channel 


POWOl MOSPEN 2: cote ie Su Meee cane Ne ey clone waarmee to oSnulenee dyes teste As 


2.0A and 2.5A, 350V and 400V, 1.8000 and 2.500Q, Avalanche Rated", N-Channel 


POWGE MOSEE Ee ets se cdenn nha aaa Ae ew eed Oh aoe a Be Ri 


3.0A and 3.5A, 350V and 400V, 1.000 and 1.5002, Avalanche Rated’, N-Channel 


POWG! MOSFET 56 bocca. Gen ho cree ek oR Rw eA Oe OA Oe ek Nee 


1.4A and 1.6A, 450V and 500V, 3.000 and 4.000Q, Avalanche Rated*, N-Channel 


POWGl MOSFET ecco coe here sume oat tee ewe ehh eid oeeeeeaes 


2.3A and 2.8A, 450V and 500V, 1.500 and 2.000Q, Avalanche Rated’, N-Channes 


POWer MOSFED ccsanodee alec bsd waGk Beare ee abbot bid ess dhe aes 


DB223B DB316 
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4-438 


IRFP140, IRFP141, 
IRFP142, IRFP143 


IRFP150, IRFP151, 
IRFP152, IRFP153, 
IRFP150R, 
IRFP151R, 
IRFP152R, 
IRFP153R 


IRFP240, IRFP241, 
IRFP242, IRFP243 


IRFP244, IRFP245, 
IRFP246, IRFP247 


IRFP250, IRFP251, 
IRFP252, IRFP253, 
IRFP250R, 
IRFP251R, 
IRFP252R, 
IRFP253R 


IRFP254, IRFP255, 
IRFP256, IRFP257 


IRFP340, IRFP341, 
IRFP342, IRFP343 


IRFP350, IRFP351, 
IRFP352, IRFP353, 
IRFP350R, 
IRFP351R, 
IRFP352R, 
IRFP353R 


IRFP360, IRFP362 


IRFP440, IRFP441, 
IRFP442, IRFP443 


IRFP450, IRFP451, 
IRFP452, IRFP453, 
IRFP450R, 
IRFP451R, 
IRFP452R, 
IRFP453R 


IRFP460, IRFP462 
IRFPC40, IRFPC42 
IRFPG40, IRFPG42 
IRFR110, IRFU110 


IRFR120, IRFU120, 
IRFR121, IRFU121 


IRFR214, IRFU214 


IRFR220, IRFU220, 
IRFR221, IRFU221, 
IRFR222, IRFU222 


Product Index by Family continued) 


27.0A and 31.0A, 80V and 100V, 0.077 and 0.0992, Avalanche Rated, N-Channel 
POW IVI or een ES sth 8 cere Se ce hed ie tact cele Stes Gud eek vale Svat aria B Selah aOR sacar ecb ret aad 


34.0 and 40.0A, 60V and 100V, 0.055 and 0.0802, Avalanche Rated*, N-Channel 
POWER MOS rel 53 oes ons Wied cea e abel oe Suen babe Agtt< k B sie 8 aes 


18.0A and 20.0A, 150V and 200V, 0.180 and 0.220, Avalanche Rated, N-Channel 
POWSl MOSRET 15-2 04s 6b ote oe et ee kane beat oe Gale DS WG A ee oh hee 


14.0A and 15.0A, 250V “275V, 0.280 and 0.340Q, Avalanche Rated, N-Channel 
POWEF MOSEL cies S reed tal inom ed pau a anes Ba ek eN ead od aes 


27.0A and 33.0A, 150V and 200V, 0.085 and 0.1202, Avalanche Rated”, N-Channel 
POWCRIMIOSE ol esa teeter t o seth Sew Wee ee EE hw Ws atic hw ah ee A oe en 


21.0A and 23.0A, 250V and 275V, 0.140 and 0.170, Avalanche Rated, N-Channel 
Power MOSFE (os.65 18.066 ee Bus cre oe atee oe aah nO ee hea engi b Doe at hae eos eileen he dee Bove 


8.7A and 11.0A, 350V and 400V, 0.550 and 0.8002, Avalanche Rated, N-Channel 
POWER MOG Ee eed cries ei ot techs Ur dee ae asi Bh aha Shei ris Lice a ee eae wists 


14.0A and 16.0A, 350 and 400V, 0.300 and 0.40002, Avalanche Rated*, N-Channel 
POWer MOSFET 22.08 22s nhc ou ok citing Banke, wee att dee te ete tee de eet 2 kee 


20.0A and 23.0A, 400V, 0.200 and 0.250Q, Avalanche Rated, N-Channel Power MOSFET... 


7.7A and 8.8A, 450V and 500V, 0.850 and 1.1002, Avalanche Rated, N-Channel 
POWEr MOS Es ook 5a Scie hia a5 ae Sie Pose che PNG A ON Ge Ng her Se ic: Be 


12.0A and 14.0A, 450V and 500V, 0.400 and 0.5002, Avalanche Rated*, N-Channel 
POWEr MOSER Ta sects ate acs OU ie ESAS eh ese be Reeth see ee ete aye ws 


17.0A and 20.0A, 500V, 0.270 and 0.350, Avalanche Rated, N-Channel Power MOSFET... 
5.9A and 6.8A, 600V, 1.200 and 1.6002, Avalanche Rated, N-Channel Power MOSFET..... 
3.9A and 4.3A, 1000V, 3.500 and 4.2002, Avalanche Rated, N-Channel Power MOSFET.... 
4.7A, 100V, 0.540, Avalanche Rated, N-Channel Power MOSFET 


8.4A, 100V, 0.2702, Avalanche Rated, N-Channel Power MOSFET 


2.2A, 250V, 2.0002, Avalanche Rated, N-Channel Power MOSFET 


3.8A and 4.6A, 150V and 200V, 0.8002 and 1.20000, Avalanche Rated, N-Channel 
POWERMOGSFE I oc vite ees cheese Give 2a eta eet eee eas ar a rae 
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IRFR320, IRFU320, 
IRFR321, IRFU321, 
IRFR322, IRFU322 


IRFR410, IRFU410 


IRFR420, IRFU420, 
IRFR421, IRFU421, 
IRFR422, IRFU422 


RF1S25N06, 
RF1iS25NO06SM, 
RFP25N06 


RF1S45N06, 
RF1S45NO6SM, 
RFG45N06, 
RFP45N06 


RF1S50NO06, 
RF1S50NO6SM, 
RFG5ONO6, 
RFP5SONO6 


RF1S70N03, 
RF1S70N03SM, 
RFP70NO3 


RF1S70NO06, 
RF1S70NO6SM, 
RFG70ONO6, 
RFP7ONO6 


RFA100NO5E 


RFD14N085, 
~ RFD14NO5SM, 
RFP14N05 


RFD14N06, 
RFD14NO06SM, 
RFP14N06 


RFD16NO05, 
RFD16NO5SM, 


RFD16N06, 
RFD16NO6SM 


RFD3055, 
RFD3055SM, 
RFP3055 


RFF70N06 


RFG40N10, 
RFP40N10 


RFG50NO05, 
RFP5S0ON05 


RFG75NO5E, 
RFH75NO5E 


RFH10N45/50 


Product Index by Family (Continued) 
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PAGE PAGE 
2.6A and 3.1A, 350 and 400V, 1.8002 and 2.50002, Avalanche Rated, N-Channel | 
Power MOSFET .........0cccccccccuccccsceureuceseaccevade dt ica Seca Pedy acini a 4-570 - 
1.5A, 500V, 7.0002, Avalanche Rated, N-Channel Power MOSFET .................. 4-575 - 
2.2A and 2.5A, 450V and 500V, 3.000 and 4.000Q, Avalanche Rated, N-Channel 
POWErIMMOSFEN o's 2 oacc.ate Sac Gan nie bem a at be wk he i ie Gada SEE whe aed DA BAe 4-580 - 
25.0A, 60V, 0.047Q, N-Channel Power MOSFET........... 0... ce eee eee ete eee - 3-27 
45.0A, 60V, 0.028Q, Avalanche Rated, N-Channel Power MOSFET .................. - 3-33 
50.0A, 60V, 0.0220, Avalanche Rated, N-Channel Power MOSFET .................. - 3-39 
70.0A, 30V, 0.0102, Avalanche Rated, N-Channel Power MOSFET ............--. ity ee. Beg 
70.0A, 60V, 0.0149, Avalanche Rated, N-Channel Power MOSFET .................. - 3-51 
100.0A, 50V, 0.0082, Avalanche Rated, N-Channel Power MOSFET ................. 4-778 - 
14.0A, 50V, 0.100Q, Avalanche Rated, N-Channel Power MOSFET ....... a ener - 3-3 
14.0A, 60V, 0.100Q, Avalanche Rated, N-Channel Power MOSFET ......... SS aeceanae - 3-9 
16.0A, 50V and 60V, 0.047Q, Avalanche Rated, N-Channel Power MOSFET ........... - 3-15 
16.0A, 50V and 60V, 0.047Q, Avalanche Rated, N-Channel Power MOSFET ........... 3-21 
12.0A, 60V, 0.150Q, Avalanche Rated, N-Channel Power MOSFET .................. 4-653 - 
25.0A, 60V, 0.025, Avalanche Rated, N-Channel Power MOSFET «3 6c4acce ee teiene oh - 3-57 
40.0A, 100V, 0.040, Avalanche Rated, N-Channel Power MOSFET ................. 4-731 - 
50.0A, 50V, 0.0229, Avalanche Rated, N-Channel Power MOSFET .................. 4-750 7 - 
75.0A, 50V, 0.008Q, Avalanche Rated, ESD Rated, N-Channel Power MOSFET ..... wie 4-773 - 
10.0A, 450V and 500V, 0.6002, N-Channel Power MOSFET..... ee ee 4-645 - 
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PAGE PAGE 
RFH12N35/40 12.0A, 350V and 400V, 0.3802, N-Channel Power MOSFET............... 0.00000 4-666 - 
RFH25N18/20 25.0A, 180V and 200V, 0.150Q, N-Channel Power MOSFET...................0008- 4-707 - 
RFH30N12/15 30.0A, 120V and 150V, 0.0752, N-Channel Power MOSFET............... 00002 ees 4-715 - 
RFH35N08/10 35.0A, 80V and 100V, 0.0552, N-Channel Power MOSFET................00 0c e eee 4-723 - 
RFH45N05/06 45.0A, 50V and 60V, 0.0402, N-Channel Power MOSFET............. 020000 e eves 4-742 - 
RFK25N 18/20 25.0A, 180V, 0.150Q, N-Channel Power MOSFET ............ 0.0.0 eee ee ee eee 4-711 - 
RFK30N12/15 30.0A, 120V and 150V, 0.0752, N-Channel Power MOSFET...............0000 eee 4-719 - 
RFK35N08/10 35.0A, 100V, 0.055Q, N-Channel Power MOSFET ............. 0.2 cc eee eee eee tees 4-727 - 
RFK45N05/06 45.0A, 50V, 0.040Q, N-Channel Power MOSFET .............. 000 cee eee eee 4-746 - 
a 

RFL1N08/10 1.0A, 80V and 100V, 1.200Q, N-Channel Power MOSFET.................00 00 e ae 4-585 - = 2 
RFLIN12/15 1.0A, 120V and 150V, 1.900, N-Channel Power MOSFET................00200 00s 4-589 - 17 = 

| =-— 
RFL1N18/20 1.0A, 180V and 200V, 3.6509, N-Channel Power MOSFET...................202005 4-593 - rc} o 
RFL2N05/06 2.0A, 50V, 0.9502, N-Channel Power MOSFET ........ 0.0... 00.00 cece ee eee 4-597 - < 
RFL4N12/15 4.0A, 120V and 150V, 0.4002, N-Channel Power MOSFET.................0000 000s 4-621 - 
RFM10N12/15, 10.0A, 120V and 150V, 0.3002, N-Channel Power MOSFET <i ccaccdaadetsnavdaiddan 4-641 - 
RFP10N12/15 
RFM10N45/50 10.0A, 450V and 500V, 0.600Q, N-Channel Power MOSFET..................200005 4-649 - 
RFM12N08/10, 12.0A, 80V and 100V, 0.2002, N-Channel Power MOSFET........... 0... ... 0000 ce ee 4-659 - 
RFP12N08/10 
RFM12N18/20, 12.0A, 180V and 200V, 0.2502, N-Channel Power MOSFET...............0-.00000- 4-663 - 
RFP12N18/20 
RFM12N35/40 12.0A, 350V and 400V, 0.5002, N-Channel Power MOSFET...............20 200200 4-671 - 
RFM15N05/06, 15.0A, 50V and 60V, 0.1402, N-Channel Power MOSFET........... 0... 2.0000 ce eee 4-680 - 
RFP15N05/06 
RFM15N12/15, 15.0A, 120V and 150V, 0.150, N-Channel Power MOSFET.................2000005 4-686 - 
RFP15N12/15 
RFM18N08/10, 18.0A, 80V and 100V, 0.1000, N-Channel Power MOSFET............... 0.000000] 4-694 - 
RFP18N08/10 
RFM3N45/50, 3.0A, 450V and 500V, 3.0002, N-Channel Power MOSFET.................202 0 eee 4-613 - 
RFP3N45/50 . 
RFM4N35/40, 4.0A, 400V, 2.000Q, N-Channel Power MOSFET ........... 00.0: cece tee ee ees 4-625 - 
RFP4N35/40 
RFM6N45/50, 6.0A, 450V, 1.2500, N-Channel Power MOSFET .......... 0... cc cece eee e eens 4-633 - 
RFP6N45/50 
RFM7N35/40, 7.0A, 350V, 0.7508, N-Channel Power MOSFET .......... 2.0.2. cece eee ee ee eee 4-637 - 
RFP7N35/40 | 
RFP22N10 22.0A, 100V, 0.0802, Avalanche Rated, N-Channel Power MOSFET ................. 4-698 - 
RFP25N05 25.0A, 50V, 0.0472, Avalanche Rated, N-Channel Power MOSFET .................. - - 
RFP2N08/10 2.0A, 80V and 100V, 1.0502, N-Channel Power MOSFET.............. 0.0.00 weer 4-601 - 
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RFP2N12/15 2.0A, 120V and 150V, 1.7502, N-Channel Power MOSFET...................00000e 4-605 - 
RFP2N18/20 2.0A, 180V and 200V, 3.5002, N-Channel Power MOSFET...............00 cece eeee 4-609 - 
RFP4N05/06 4.0A, 50V and 60V, 0.8002, N-Channel Power MOSFET............... 0000 eee ees 4-617 - 
RFP4N100 4.3A, 1000V, 3.5002, Avalanche Rated, N-Channel Power MOSFET ................. 4-629 - 
P-CHANNEL POWER MOSFET DATA SHEETS 
2N6804 11.0A, 100V, 0.3002, Avalanche Rated, P-Channel Power MOSFET ................. 5-3 - 
2N6849 6.5A, 100V, 0.3002, Avalanche Rated, P-Channel Power MOSFET .................. 5-8 - 
2N6851 4.0A, 200V, 0.8002, Avalanche Rated, P-Channel Power MOSFET .................. 5-13 - 
2N6895 1.2A, 100V, 3.6502, P-Channel Power MOSFET ............. 0... cece eee ee ees 5-18 - 
2N6896 6.0A, 100V, 0.600, P-Channel Power MOSFET ............. 0.00. cece ee eee eee 5-22 - 
2N6897 12.0A, 100V, 0.3002, P-Channel Power MOSFET .............. 00. c eee eee eee eee 5-26 - 
2N6898 25.0A, 100V, 0.2002, P-Channel Power MOSFET ............ 000 cee cee eee eee ees 5-30 - 
IRF9130, IRF9131, 10.0A and 12.0A, 60V and 100V, 0.300 and 0.400Q, Avalanche Rated, P-Channel 
IRF9132, IRF9133 POWES MOSER seal See de cetd eee ate pega Aira ae Oe ew te Ba a eid ka es eee 5-34 - 
IRF9140, IRF9141,  15.0A and 19.0A, 60V and 100V, 0.200 and 0.300, Avalanche Rated, P-Channel 
IRF9142, IRF9143 POWE.MOSPE! 22e10 65 beak atte wath eed a oa le Hob ds Molson Siethg Wal em WOLk Goatees 5-39 - 
1RF9150, IRF9151 25.0A, 60V and 100V, 0.150Q, Avalanche Rated, P-Channel Power MOSFET .......... 5-44 - 
IRF9230, IRF9231, 5.5A and6.5A, 150V and 200V, 0.800 and 1.2002, Avalanche Rated, P-Channel 
IRF9232, IRF9233 POWCEMOSFE be os veda ers comce oh cata eee OR OSrGk ee 8 eave b ee eae eS 5-50 - 
IRF9240, IRF9241, 9.0A and 11.0A, 150V and 200V, 0.500 and 0.7002, Avalanche Rated, P-Channel 
IRF9242, IRF9243 POWEF MOSFET sstcaco tne hice Ree se Rows EN See OE OE a RA 5-55 - 
IRF9510, IRF9511, 2.5A and 3.0A, 60V and 100V, 1.2000 and 1.600Q, Avalanche Rated, P-Channel 
IRF9512, IRF9513 POWE! MOSFE DL soees wr Sb 8 eee ore ee oe oN ee eek eee ee eet Sapte ac nt 5-60 - 
IRF9520, IRF9521, 5.0A and 6.0A, 60V and 100V, 0.600 and 0.800Q, Avalanche Rated, P-Channel 
IRF9522, IRF9523 POWOR MOOSE (ies oie ak Be Be ae RSS OLA Ne abate abe nein Ob wd dea ewe 5-65 - 
IRF9530, IRF9531, 10.0A and 12.0A, 60V and 100V, 0.300 and 0.400Q, Avalanche Rated, P-Channel 
IRF9532, IRF9533 Power MOSFET.................00 eee eeeee sSesceslatac et desea eno aah al eae ueanaresanten de tecara sat 5-70 - 
IRF9540, IRF9541, 15.0A and 19.0A, 60V and 100V, 0.200 and 0.300, Avalanche Rated, P-Channel 
IRF9542, IRF9543 FPOWerWIOSEE I-38 aware a Bera ea ee eas aa ee ERE wee BO Eee eee ewes 5-76 - 
IRF9620, IRF9621, 3.0A and3.5A, 150V and 200V, 1.500 and 2.400, Avalanche Rated, P-Channel 
IRF9622, IRF9623 POWSrMOSEFED occ Fe en, oh Se ee i ee ee eS a ee a ees 5-80 - 
IRF9630, IRF9631, 5.5A and 6.5A, 150V and 200V, 0.800 and 1.2002, Avalanche Rated, P-Channel 
IRF9632, IRF9633 Power MOSFET.................05- bine, Reba a erm Al See ks Sathana ek dove tadoanti: Gh Bee a ed 5-85 - 
IRF9640, IRF9641, 9.0A and 11.0A, 150V and 200V, 0.500 and 0.700, Avalanche Rated, P-Channel - 
IRF9642, IRF9643 POWE! MOS EN sce Ss wc Saas tee ed Gare eed eee A Lhe Re ee ee ie ae Eee 5-90 
IRFD9110, 0.6A and 0.7A, 60V and 100V, 1.2000 and 1.6002, Avalanche Rated, P-Channel 
IRFD9113 POWEr MOSFET 6.2.00 ed ct hen cd earth halid Be Saw i vb eS oe eae Re Saas Baus 5-95 - 
IRFD9120, 0.8A and 1.0A, 60V and 100V, 0.600 and 0.800, Avalanche Rated, P-Channel 
IRFD9121, POWSrIMOSFET via ox cad odode oe oe tet Rea h eet o weee Deen we ease ee ee 5-100 - 
IRFD9122, 
IRFD9123 
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IRFF9120, 3.5A and 4.0A, 60V and 100V, 0.600 and 0.8002, Avalanche Rated, P-Channel 

IRFF9121, POWSEMOSPE I issih avi aitied s eueurtaewa eu ha 34 oe BNR ar wal ete oa wa poten ease 5-110 - 
IRFF9122, 

IRFF9123 


IRFF9130, §.5A and 6.5A, 60V and 100V, 0.300 and 0.400Q, Avalanche Rated, P-Channel 

IRFF9131, POW6l MOSEE ©. cecco ds aces beet Gob w WOKS Baca mite tatdead died li wae eae Ween 5-115 - 
IRFF9132, 

IRFF9133 


IRFF9220, 2.0A and 2.5A, 150V and 200V, 1.5000 and 2.400Q, Avalanche Rated, P-Channel 

IRFF9221, POWGrMOSFE Doo 45 06 os Row SACS Fe SHREW he DOE OEE EE OO EWA G ARPS 5-120 - 
IRFF9222, 

IRFF9223 


iRFF9230, 3.5A and 4.0A, 150V and 200V, 0.800 and 1.200, Avalanche Rated, P-Channel 

IRFF9231, POWGE MOSPET os.eoies eos oe ca No oe aa ae 8 Od ee a aed Ts Pk 5-125 - 
IRFF9232, 

IRFF9233 


IRFP9140, 16.0A and 19.0A, 60V and 100V, 0.200 and 0.300, Avalanche Rated, P-Channel 

IRFP9141, POWGE MOSFET oust ooh hese tease ooh oie he LE swe hee sean ea RS 5-130 - 
IRFP9142, | 

IRFP9143 


{RFP9150, 25.0A, 60V and 100V, 0.150, Avalanche Rated, P-Channel Power MOSFET.......... §-135 - 
IRFP9151 


IRFP9240, 10.0A and 12.0A, 150V and 200V, 0.500 and 0.700, Avalanche Rated, P-Channel 

IRFP9241, POWOUMOSFE Feces tino oso kee Gatekatad AS oo aa meee eee ee als eee as 5-140 - 
IRFP9242, 

IRFP9243 


IRFR9110, 3.1A, 100V, 1.200Q, Avalanche Rated, P-Channel Power MOSFET .................. - 4-3 
IRFU9110 


IRFR9120, 5.6A, 100V, 0.600Q, Avalanche Rated, P-Channel Power MOSFET ..............-..%. - 4-9 
IRFU9120 


IRFR9220, 3.6A, 200V, 1.500Q, Avalanche Rated, P-Channel Power MOSFET .................. - 4-15 
IRFU9220 


RF1S30P05, 30.0A, 50V, 0.0659, Avalanche Rated, P-Channel Power MOSFET ............... oe, i - 4-39 
RF1S30P05SM, — 3 
RFG30P05, 

RFP3OP05 


RF1S30P06, 30.0A, 60V, 0.065Q, Avalanche Rated, P-Channel Power MOSFET .................. : 4-45 
RF1S30P06SM, | 

RFGSOPO6, 

RFPSOPO6 


RF1S60P03, 60.0A, 30V, 0.0272, Avalanche Rated, P-Channel Power MOSFET .............20005 - 4-51 
RF1S60P03SM, 

RFG6OP0S3, 

RFP60P03 


RFD15P05, 15.0A, 50V, 0.1502, Avalanche Rated, P-Channel Power MOSFET .................. - 4-27 
RFP15P05SM, =. 
RFP15P05 


RFD15P06, 15.0A, 60V, 0.1500, Avalanche Rated, P-Channel Power MOSFET ..... ebandencsan sea - 4-33 
RFD15PO6SM, 
RFP15P06 
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RFD8P05, 8.0A, 50V, 0.3002, Avalanche Rated, P-Channel Power MOSFET ................... 5-161 - 
RFP8PO5SM, | : 
RFP8P05 . 
RFD8POGE, 8.0A, 60V, 0.3002, Avalanche Rated, ESD Protected, P-Channel Power MOSFET ...... - 4-21 
RFD8PO6ESM, 
RFP8PO6E 
RFF60P06 25.0A, 60V, 0.0302, Avalanche Rated, P-Channel Power MOSFET .................. - 4-69 
RFG60P05E 30.0A, 50V, 0.0302, Avalanche Rated, P-Channel Power MOSFET .................. - 4-57 
RFG6OPO6E 30.0A, 60V, 0.0302, Avalanche Rated, P-Channel Power MOSFET .......... eer - 4-63 
RFH25P08/10, 25.0A, 80V and 100V, 0.1502, P-Channel Power MOSFET................. 00 eeeee 5-183 - 
RFK25P08/10 
RFL1P08/10 1.0A, 80V and 100V, 3.65002, P-Channel Power MOSFET............. 2.000 eee eee 5-145 -— 
RFM10P 12/15, 10.0A, 120V and 150V, 0.5002, P-Channel Power MOSFET................00 ee eee 5-170 - 
RFP10P12/15 
RFM12P08/10, 12.0A, 80V and 100V, 0.3002, P-Channel Power MOSPET ccs eat dina at eee exw 5-174 - 
RFP12P08/10 
RFM5P 12/15, 5.0A, 120V and 150V, 1.000Q, P-Channel Power MOSFET.............. 0000 eee eee 5-153 ” 5 
RFP5P12/15 . 
RFM6P08/10, 6.0A, 80V and 100V, 0.6002, P-Channel Power MOSFET.............. 0.000 eee vee 5-157 - 
RFP6P08/10 . 
RFM8P08/10, 8.0A, 80V and 100V, 0.4009, P-Channel Power MOSFET............. 000 cece ee eees 5-166 - 
RFP8P08/10 | 
RFP2P08/10 2.0A, 80V and 100V, 3.5002, P-Channel Power MOSFET............. 0.00 cee eens 5-149 - 
SMALL OUTLINE PRODUCTS | 
RF1K49086 3.5A, 30V, 0.0602, Avalanche Rated, Dual N-Channel Power MOSFET............... - 7-3 
RF1K49088 3.5A, 30V, 0.0602, Avalanche Rated, Dual N-Channel Power MOSFET............... - 7-10 
RF1K49090 3.5A, 12V, 0.050Q, Avalanche Rated, Dual N-Channel Power MOSFET ............... - 7-17 
RF1K49092 3.5A/2.5A, 12V, 0.050/0.130Q, Avalanche Rated, Logic Level, Complementary | | 

N and P-Channel Power MOSFET........... 0.0. cece eee ee eee eee eee eee ees - 7-24 
RF1K49093 3.5A, 12V, 0.130Q, Avalanche Rated, Logic Level, P-Channel Power MOSFET ......... - 7-36 
RF1K49156 6.3A, 30V, 0.030, Avalanche Rated, Logic Level, N-Channel Power MOSFET ......... - —- 7-43 
RF1K49157 6.3A, 30V, 0.0380Q, Avalanche Rated, N-Channel Power MOSFET ................... - 7-50 
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MAXIMUM RATINGS 


Ip DS(ON) 
(A) (Q) TO-251AA 
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x 


a? 


BVpss 
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1 


TO-263AB MS-012AA 
~ RF1K49092 


4 PIN DIP 
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N-CHANNEL LOGIC LEVEL DEVICES (Continued) 
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P-CHANNEL LOGIC LEVEL DEVICES 


MAXIMUM RATINGS 
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MOSFET Selection Guide 


HERMETIC N-CHANNEL 


| MAXIMUM RATINGS =| RATINGS | 7 PACKAGE - ; 


ZZ 
&? 


TO-254AA 


C 


BVpss IDS(ON) 
(V) oe (Q) TO-205AF 


0.95 RFL2NO5 
15.0 0.14 
0.95 


RFM15N05 
RFL2NO6 
12.0 
15.0 
25.0 
33.0 
40.0 


0.25 
0.14 


2N6755 
RFM15N06 
0.025 
0.08 © 
0.055 


RFF70N06 
IRF153 
IRF 151 
RFL1NO8 
IRFF113 
IRFF114 
IRFF123 
IRFF121 
0.25 IRFF133 
0.36 
0.18 
0.27 
0.23 


IRF123 
IRFF131 


IRF121 
IRF133 
RFMI2NO8 
IRF131 
RFM18N08 
IRF143 
IRF 141 


12.0 
12.0 
14.0 
18.0 
25.0 
28.0 


0.16 


0.077 
100 
100 
100 
100 
100 
100 
100 
1 
100 
100 
100 


RFLIN10 
IRFF112 
IRFF110 
2N6782 (Note 1) 
IRFF122 
2N6788 (Note 1) 
IRFF120 
IRFF132 
IRFF130 


Wt ie) orf GT @& 
of, ao re) of af of] 


_ © Oo oO; © _ 
ne) ae no wl] -p ne) 


Oo 
o 
~ 
Oo 
SO, STSl of clo 
OF ol RT] Of] of ® 


IRF122 


0.18 2N6796 (Note 1) 


2-16 


MOSFET Selection Guide 


HERMETIC N-CHANNEL (Continued) 


MAXIMUM RATINGS PACKAGE 


BVpss DS(ON) 


TO-254AA 


2) 


TO-205AF TO-204 
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RFM12N10 


ca 
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HERMETIC N-CHANNEL (Continued) 


MAXIMUM RATINGS 


BVpss 
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HERMETIC N-CHANNEL (Continued) 
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HERMETIC N-CHANNEL (Continued) 
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HERMETIC N-CHANNEL (Continued) 
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NOTES: 
1. QPL Approved Type. 
2. Avaliable in JANTX and JANTXV Reliability Levels only. 
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HERMETIC LOGIC LEVEL N-CHANNEL (Continued) 


MAXIMUM | MAXIMUM RATINGS 


Ips DS(ON) 
(A) (Q) 


NOTE: QPL Approved Type. 


HERMETIC P-CHANNEL 


| MAXIMUM RATINGS RATINGS 
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HERMETIC P-CHANNEL (Continued) 


MAXIMUM | MAXIMUMRATINGS PACKAGE 
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MAXIMUM RATINGS 
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N-CHANNEL POWER MOSFETs 


N-CHANNEL POWER MOSFET DATA SHEETS 


RFD14N05, 
RFD14NO05SM, 
RFP14N05 


RFD14N06, 
RFD14NO06SM, 
RFP14N06 


RFD16NO05, 
RFD16NO05SM 


RFD16NO06, 
RFD16NO6SM 


RFP25N06, 
RF1S25N06, 
RF1S25N06SM 


RFG45N06, 
RFP45N06, 
RF1S45N06, 
RF1S45NO06SM 


RFGS5ONO6, 
RFP50NO6, 
RF1S50NO06, 
RF1SS50N0O6SM 


RFP7ONO3, 
RF1S70NO03, 
RF1S70NO03SM 


RFG7ONO6, 
RFP7ONO6, 
RF1S70N06, 
RF1S70NO6SM 


RFF70N06 
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| HARRIS — AF DIANOS, 
UB seEmIiconDuUCTOR RFD14N05SM, RFEFP14N05 


14A, 50V, Avalanche Rated N-Channel 


December 1995 Enhancement-Mode Power MOSFETs 
Features Packaging 
° 14A, 50V JEDEC TO-220AB 
SOURCE 


® TDS(ON) = 0.1002 
e Temperature Compensating PSPICE Model 
e Peak Current vs Pulse Width Curve 


e UIS Rating Curve 


* +175°C Operating Temperature 
Description JEDEC TO-251AA 


SOURCE 
The RFD14N05, RFD14N05SM, and RFP14N05 N-channel | DRAIN 


power MOSFETs are manufactured using the MegaFET pro- DRAIN (FLANGE) 
cess. This process which uses feature sizes approaching 
those of LSI integrated circuits, gives optimum utilization of 
silicon, resulting in outstanding performance. They were 
designed for use in applications such as switching regula- JEDEC TO-252AA 
tors, switching converters, motor drivers, and relay drivers. 
These transistors can be operated directly from integrated 
circuits. 


DRAIN (FLANGE) 


PACKAGING AVAILABILITY GATE 6 


| . SOURCE | 
PART NUMBER PACKAGE BRAND 
RFD14N05 TO-251AA F14N05 


N-CHANNEL 
POWER MOSFETs 


RFD14NO05SM TO-252AA F14N05 sy mbol 5 
RFP14N05 TO-220AB RFP14N05 
NOTE: When ordering, use the entire part number. Add the suffix 9A 
to obtain the TO-252AA variant in the tape and reel, i.e., G 
RFD14NO5SM9A. 
Formerly developmental type TA09770. S 
Absolute Maximum Ratings T,> = +25°C 
RFD14NO05, RFD14NOSSM, 
RFP14N05_ UNITS 
Dialn Source V OlAGG ts. 26 tena wadding anpdunia ne ele eae eas Voss 50 V 
Didi Gate VGlage: vison Leer vEom ee ower h Meee haat ae esa aees Vpar” 50 V 
Gale-Source Voltage ...i 242 cit owaes «tbo se Uetnes Dor sie eserves itadeoek Ves +20 V 
Drain Current 
AMS: COMINUOUS: £ucc6c2t scone etait eee nee hee ananann cedeews cana Ip 14 A 
Pulsed Didi CUNENE oda eaux ieee pte ene ek ome Ba raeaa wees lom Refer to Peak Current Curve 
Pulsed Avalanche: Rating: ..svesseiadet beens eats tee seat eeatwandes Eas Refer to UIS Curve 
Power Dissipation 
Te = +25°C Br see swt tay cas 1b PR, BE aay aie ap 0 abe La GO OA GASH TTS e) SNR ey Wh De, aS? ae Cae ob. ahy Wray ca er we we Aa Pad, B e e Dalen ab te Pp 48 W 
DOrate abOVE$25°O 6 ws oe hawted win yacin aeetled enacts wae aloe eee eee 0.32 w/°C 
Operating and Storage Temperature .............. 0.0.0 cece eee Tsta Ty -55 to +175 °C 
Soldering Temperature of Leads for 10s ....................005. pean ee Ty 260 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD handling procedures. File Number 2268.3 
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Specifications RFD14N05, RFD14N05SM, RFP14N05 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


PARAMETER . SYMBOL TEST CONDITIONS | MIN, | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage | BYoss_ Ip = 250A, Vag = OV ps0 foe foe pov 
Gate Threshold Voltage Ves = Vos: Ip = 250nA V 
Zero Gate Voltage Drain Current To = +25°C 


Tc = +1 50°C 
Gate-Source Leakage Current 


>i > 


3 _ 3 ETE 


) 


Ves = +20V : 100 


3 
> 


Vop = 25V, Ip = 14A, 
R. = 3.57Q, Veg = 10V, 
Reg = 25 


Turn-On Delay Time tp(on) 


aS 
oa 


Turn-Off Delay Time 
Fall Time 
<a 

JA 


a" 


a 
Oo 
oO 


Turn-Off Time 
Total Gate Charge Ves = OV to 20V | Vpp = 40V, 
Ip = 14A, 


bb 


nN 


—_h 
oO 


| Gate Charge at 10V 
Threshold Gate Charge | Qa | Ves = OV to 2V . 
| Input Capacitance Vos = 25V, Ves = OV, 
oe , | | f= 1MHz 
Output Capacitance 


Reverse Transfer Capacitance 
Thermal Resistance Junction-to-Case 


Thermal Resistance Junction-to-Ambient | 


570 
185 pF 


TC 
Tl 


°C/W 


Seal qd 

ro) : ; 

= a} o 
a 


°C/W 


TO-251 and TO-252 


TO-220 


Source-Drain Diode Specifications 


PARAMETER SYMBOL TEST CONDITIONS 
Forward Voltage 
Reverse Recovery Time 


Isp = 14A, digp/dt = 100A/us 


RFD14N05, RFD14N05SM, RFP14N05 


Typical Performance Curves 


lp, DRAIN CURRENT (A) 


Ip, DRAIN CURRENT (A) 


Tc = +25°C 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 1. SAFE OPERATING AREA CURVE 


25 50 75 100 125 150 
Tc, CASE TEMPERATURE (°C) 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 


Ip, DRAIN CURRENT (A) 


TEMPERATURE 


35 

30 
w// 
ot ML, 
a 

10 ’ 


0 2.0 4.0 6.0 
Vps; DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 
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DUTY FACTOR: D = t,/t, 
SINGLE PULSE all PEAK Ty = Pow X Zgua + Ta 


10° 104 10°3 107 10°! 10° 10! 
t, RECTANGULAR PULSE DURATION (s) 


FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 


Tc = +25°C 
FOR TEMPERATURES 
ABOVE +25°C DERATE PEAK 
CURRENT AS FOLLOWS: 
mn 
i 
me 


me pilill 
fiz - 
J St SP l=| ie 
eta! A 25 150 


. ares TT TTT 


TRANSCONDUCTANCE + 
MAY LIMIT CURRENT 
IN THIS REGION 


lpm, PEAK CURRENT CAPABILITY (A) 


10° 104 10° 10° 101 10° 10! 
t, PULSE WIDTH (s) 


FIGURE 4. PEAK CURRENT CAPABILITY 


PULSE TEST 
PULSE DURATION = 250us 
DUTY CYCLE = 0.5% MAX 


Ip(on)s ON-STATE DRAIN CURRENT (A) 


Ves, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFD14N05, RFD14NO5SM, RFP14NO5 


Typical Performance Curves (continued) 


Ip = 250nA 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE — 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED DRAIN-SOURCE BREAKDOWN 
VOLTAGE vs JUNCTION TEMPERATURE 


PULSE DURATION = 250us, Vgg = 10V, Ip = 14A 


'ps(ony NORMALIZED ON RESISTANCE 


40 80 120 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED rpson) vs JUNCTION 
TEMPERATURE 


Ves = OV, f = 1MHz 


C, CAPACITANCE (pF) 


Vps, DRAIN-TO-SOURCE VOLTWAGE (V) 


FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE 
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Ves = Vos, Ip = 250A 


VasctH)» NORMALIZED GATE 
THRESHOLD VOLTAGE 


0 40 80 120 
Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
JUNCTION TEMPERATURE 


POWER DISSIPATION MULTIPLIER 


50 75 100 125 
Tc, CASE TEMPERATURE (°C) 


FIGURE 10. NORMALIZED POWER DISSIPATION vs TEMPERA- 
TURE DERATING CURVE 


0.75 BV 
0.50 BVose 
0.25 BVpes 


R, = 3.572 
Iq(REF) =0.4mA 
Ves = 10V 


Vps, DRAIN-SOURCE VOLTAGE (V) 
Vgs, GATE-SOURCE VOLTAGE (V) 


la (REF) 


! 
99 GCREF) 80; 
G (ACT) 


t, TIME (us) 
G(ACT) 
FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 


RFD14N05, RFD14N05SM, RFP14N05 


Typical Performance Curves (continued) 


10 Eee ee 


lag, AVALANCHE CURRENT (A) 


1 
0.01 0.1 1 10 


tay TIME IN AVALANCHE (ms) 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING. 
REFER TO HARRIS APPLICATION NOTES AN9321 AND AN9322 


Test Circuits and Waveforms 


BVpss 


“ 
mT 
i be 
2» 
20 
c= 
<= 

Si 
= 

e) 
a. 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


Ves 


Fe 
ov 


FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT 


Voo ton torr 
toron) txo 
Ri 
Vos 
Vos ~ 90% 
Vas 
| | 10% 
ov 
DUT 90% 
Res y 
as 50% 
PULSE WIDTH 
10% 
FIGURE 16. RESISTIVE SWITCHING TEST CIRCUIT FIGURE 17. RESISTIVE SWITCHING WAVEFORMS 
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RFD14N05, RFD14NO5SM, RFP14N05 


Temperature Compensated PSPICE Model for the RFD14N05, RFD14NO0O5SM, . 
RFP14N05 


SUBCKT RFP14N05 213; | rev 9/12/94 


CA 12 8 8.84e-10 

CB 15 14 9.34e-10 

CIN 6 8 5.2e-10 
DPLCAP 5 DRAIN 

DBODY 7 5 DBDMOD 10 LDRAIN 

DBREAK 5 11 DBKMOD 

DPLCAP 10 5 DPLCAPMOD RSCL1 

DBREAK 
EBREAK 11 7 17 18 62.87 Ee: 


1 

1 

: 1 ESG (-$) RDRAIN n4t DBODY 
+ 16 : EBREAK(3z) | 


= + 
IT 8 17 1 ejed EVTO ll MOS2 


- 6 
LDRAIN 2 5 1e-9 1¢ DY Wa -(28) MOS1 
LGATE 1 9 4.34e-9 LGATE RGATE 

LSOURCE 3 7 3.79e-9 RIN CIN 

8 RSOURCE 7 LSOURCE 
MOS1 16 6 8 8 MOSMOD M=0.99 : eo ae 
MOS2 16 21 8 8 MOSMOD M=0.01 


RBREAK 17 18 RBKMOD 1 


RBREAK 
RDRAIN 50 16 RDSMOD 2.2e-3 17 18 
RGATE 9 20 5.64 
RIN 6 8 1e9 RVTO 
RSCL1 5 51 RSCLMOD te-6 19 
RSCL2 5 50 1€3 Om - 
RSOURCE 8 7 RDSMOD 42.3e-3 = VBAT 


RVTO 18 19 RVTOMOD 14 


S1A 6 12 13 8 S1AMOD 

S1B 13 12 13 8 SiBMOD 
S2A 6 15 14 13 S2AMOD 
S2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 0.82 


ESCL 5150 VALUE = {(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1e6/50,6))} 


MODEL DBDMOD D (IS = 1.5e-13 RS = 10.9e-3 TRS1 = 2.3e-3 TRS2 =-1.75e-5 CJO = 6.84e-10 TT = 4.2e-8) 
MODEL DBKMOD D (RS = 4.15e-1 TRS1 = 3.73e-3 TRS2 = -3.21¢-5) 

MODEL DPLCAPMOD D (CJO = 26.2e-11 IS = 1e-30 N = 10) 

MODEL MOSMOD NMOS (VTO = 3.91 KP = 12.68 IS = 1e-30 N= 10 TOX=1 L=1u W=1u) 
MODEL RBKMOD RES (TC1 = 7.73e-4 TC2 = 2.12e-6) 

MODEL RDSMOD RES (TC1 = 5.0e-3 TC2 = 2.53e-5) 

MODEL RSCLMOD RES (TC1 = 2.05e-3 TC2 = 1.35e-5) 

MODEL RVTOMOD RES (TC1 = -4.44e-3 TC2 = -6.45¢e-6) 

MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-5.29 VOFF= -3.29) 

,MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-3.29 VOFF= -5.29) 

MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -2.25 VOFF= 2.75) 

MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 2.75 VOFF= -2.25) 


-ENDS 


NOTE: For further discussion of the PSPICE model, consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options; written by William J. Hepp and C. Frank Wheatley. 


SEMICONDUCTOR RFD14NO6SM, RFP14N06 


14A, 60V, Avalanche Rated N-Channel 


December 1995 Enhancement-Mode Power MOSFETs 
Features Packaging 
e 14A, 60V JEDEC TO-220AB 
SOURCE 


* Tps(on) = 9.1002 

¢ Temperature Compensating PSPICE Model 
¢ Peak Current vs Pulse Width Curve 

e UIS Rating Curve 


¢ +175°C Operating Temperature 


JEDEC TO-251AA 
SOURCE 


Description 


The RFD14N06, RFD14NO6SM, and RFP14N06 N-channel 
power MOSFETs are manufactured using the MegaFET pro- 
cess. This process which uses feature sizes approaching 
those of LSI integrated circuits, gives optimum utilization of 


DRAIN (FLANGE) 


silicon, resulting in outstanding performance. They were 2 
designed for use in applications such as switching regula- JEDEC TO-252AA jj 
tors, switching converters, motor drivers, and relay drivers. Y ne 
These transistors can be operated directly from integrated DRAIN AELANGE) 29 
circuits. <= 
<_c 
GATE < Ow 
PACKAGING AVAILABILITY SOURCE - z= 
Oo 
PART NUMBER PACKAGE BRAND a. 
RFD14N06 TO-251AA F14N06 
eo Symbol 
RFD14NO6SM TO-252AA F14N06 D 
RFP14N06 TO-220AB RFP14N06 
NOTE: When ordering, use the entire part number. Add the suffix 9A G 
to obtain the TO-252AA variant in the tape and reel, i.e., 
RFD14NO6SM9A. 
Formerly developmental type TA09770. . 
Absolute Maximum Ratings T,. = +25°C | 
RFD14N06, RFD14NO6SM, 
RFP14N06 UNITS 
DFAIN-SOUlCE VONAGC 8 iat Gio whee eaaeals Waren Maw aware ata he Miele a deen Voss 60 V 
Drain:Gale Volage 222 og ets sete ip bh oa karoge eng Se ee aeea te Caw ie oes VoGR 60 V 
Gate-Source Volage- 2.4 wesc Seas cie des Seed edie ee eig wa oe< eased Ves +20 V 
Drain Current 
PRIM GC OMUMUOUS rie: apace Gch: diet athok pnd ee tM ab wy a euler ity Mie Ss tie tg Ip 14 A 
Pulsed Drain Curent icc tevae esas at heed se hek oo seGhanaes esty sas ass lpm Refer to Peak Current Curve 
Pulsed Avalanche Rating................... 0.2: eee eee eee eee Eas Refer to UIS Curve 
Power Dissipation | 
TSO, Ornish Wadd ae ween ie ber cae etna PE CE ed ae ae sneer kee Se Pp 48 Ww 
Derate above 425°C. die a eae anata Gea Aa ere an Leah glen 0.32 W/°C 
Operating and Storage Temperature ........... 0.0... cee eee Tstq@ Ty -55 to +175 °C 
Soldering Temperature of Leads for 10S ...... 0... . eee eee eee ee Th 260 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 4002.1 
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Specifications RFD14N06, RFD14NO6SM, RFP14N06 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


[raranerenTemieor [vesrconomons [ww [rer [wax [one 
[Pansowwsnacmvonn [Stew [oraoaver™ | @ [| |v 
Zero Gate Voltage Drain Current 1 | pA 
_ 
Gate-Source Leakage Current | lass | 
| R, = 4.30, Veg = 10V, 


> 


Vag = £20V 100 


> 
> 


0.100 


wh 
> 


es 


wh, 
“J 


100 


= 
© 


| 


Input Capacitance Vos = 25V, Ves = OV, 570 pF 
f = 1MHz 7 
Output Capacitance 185 pF 


Thermal Resistance Junction-to-Case CS 
Thermal Resistance Junction-to-Ambient Resa 
| bar TO-220 | es 


no] 
nh 


| : | | a 


| 3.125 °C/W 


100 °CW 


°C 


Source-Drain Diode Specifications 


PARAMETER SYMBOL | TEST CONDITIONS | MIN | TYP | Max | 
Reverse Recovery Time | tee | Isp = 14A, digp/dt = 100A/us po po | 128 | one | 


UNITS 
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RFD14N06, RFD14NO6SM, RFP14N06 


Typical Performance Curves 


Tc = +25°C 


100 


< 
= 
= 
Lil 
= 10 
= 
O 
z 
a ¢ 
io 
Q 
= OPERATION IN THIS 
4 | AREA MAY BE l i 
LIMITED BY DS(ON) = aT 
MAX = 60V = Ee DC 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) 
FIGURE 1. SAFE OPERATING AREA CURVE 
< 
= 
a 
lJ 
Cc 
[oa 
_ 
2 
= 
C4 
c 
Q 
a) 


25 50 75 
Tc, CASE TEMPERATURE (°C) 


100 125 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 


TEMPERATURE 


PULSE DURATION = 250us, Tc = +25°C 


Ip, DRAIN CURRENT (A) 


0 2.0 4.0 6.0 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 


| Ze ES 


0 Ze ee 


8.0 
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=a5 a oa A OS | OO 
O0t! ca as =a a Hm 
sae a. HTT 


PU oe 
neg “ui 


Zeuc, NORMALIZED 
THERMAL RESPONSE 


01 
SHH 


DUTY FACTOR: D = t,/t, 
SINGLE PULSE | 


PEAK Ty = 


= Pom X Zgua + Ta 
0.01 


10° 10°3 10°72 107 = 10° 10! 


104 
t, RECTANGULAR PULSE DURATION (s) 


FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 


Tc = +25°C 


FOR TEMPERATURES 
ABOVE +25°C DERATE PEAK 
CURRENT AS FOLLOWS: 


mw) | 


ad 


lpm» PEAK CURRENT CAPABILITY (A) 


TS HIM Ps - ch 
MAY LIMIT CURRENT 
IN THIS REGION aie 
10° 10% 10° 102 10°! 10° 10! 
t, PULSE WIDTH (s) 
FIGURE 4. PEAK CURRENT CAPABILITY 
35 


PULSE TEST 
30 - PULSE DURATION = 250us 
| DUTY CYCLE = 0.5% MAX 


Ip(on), ON-STATE DRAIN CURRENT (A) 


0 2 4 6 8 10 
Vas, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 


N-CHANNEL 
POWER MOSFETs 


RFD14N06, RFD14NO6SM, RFP14N06 


Typical Performance Curves (continued) 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED DRAIN-SOURCE BREAKDOWN 
VOLTAGE vs JUNCTION TEMPERATURE 


PULSE DURATION = 250us, Ves = 10V, Ip = 14A 


fps(on)» NORMALIZED ON RESISTANCE 


-80 -40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) | 


FIGURE 9. NORMALIZED rpsyony Vs JUNCTION 
TEMPERATURE 


Ves = OV, f = 1MHz 


C, CAPACITANCE (pF) 


0 5 10 15 20 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE 


Ves = Vps; Ip = 250uLA 


Vascth), NORMALIZED GATE 
THRESHOLD VOLTAGE 


-80. -40 0 40 80 120 160 200 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
JUNCTION TEMPERATURE — 


POWER DISSIPATION MULTIPLIER 


0 25 50 75 100 125 150 175 
Tc, CASE TEMPERATURE (°C) 


FIGURE 10. NORMALIZED POWER DISSIPATION vs TEMPERA- 
TURE DERATING CURVE 


Vop = BVpss Vop = BVpss 


4 


Vps; DRAIN-SOURCE VOLTAGE (V) 
Vgs, GATE-SOURCE VOLTAGE (V) 


0.25 BVbeS 
Ry = 4.280 
IG(REF) = 0.4mA 
Gs band 10 
; ; 
29 SREP) t, TIME(ms) g0-c(REF) 
G (ACT) G(ACT) 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 
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RFD14N06, RFD14NO6SM, RFP14N06 
Typical Performance Curves (continued) 


50 


Ins, AVALANCHE CURRENT (A) 


ItR=0 

tav = (L)(Ias)/(1.3*RATED BVpgs - Vpp) TH NN 
if R #0 

tav = (UR)In[(Iag*R\/(1.3*RATED BVpgs-Vpp) +1] NH] 


0.01 0.1 1 10 
tay, TIME IN AVALANCHE (ms) 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING. 
REFER TO HARRIS APPLICATION NOTES AN9321 AND AN9322 


Test Circuits and Waveforms 


Vv 
oe BVpss 
tp 
Vps 
las a \ 
VARY tp TO OBTAIN ~~ Vpp 
REQUIRED PEAK las 
Ves 
tp 
OV 
FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 
Vpp ton torr 
toon) to(orF) 
R. | 
Vps 
Voe 90% 
Vas 
| | 10% 
ov r 
DUT sali 
Res V 
GS 50% 
PULSE WIDTH 
10% 
FIGURE 16. RESISTIVE SWITCHING TEST CIRCUIT FIGURE 17. RESISTIVE SWITCHING WAVEFORMS 
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RFD14N06, RFD14NO6SM, RFP14N06 


Temperature Compensated PSPICE Model for the RFD14N06, RFD14NO6SM, 
RFP14N06 


SUBCKT RFP14N06 213; rev 9/12/94 


CA 12 8 8.84e-10 
CB 15 14 9.34e-10 
CIN 6 8 5.2e-10 

DPLCAP 5 DRAIN 
DBODY 7 5 DBDMOD 10 | LDRAIN: 
DBREAK 5 11 DBKMOD 
DPLCAP 10 5 DPLCAPMOD | RSCL1 


1 
1 
: ; ESG (-$) RDRAIN 111+ A DBODY 
> 16 EBREAK(4z) 
-—_ + - 
IT 8 17 1 a EVTO . ll MOS2 
¥ e 
LDRAIN 2 5 16-9 1¢ WW 1MOS1 
LGATE 1 9 4.34e-9 LGATE RGATE 
LSOURCE 3 7 3.79e-9 RIN CIN 
8 RSOURCE 7 LSOURCE 
MOS1 16 6 8 8 MOSMOD M= 0.99 . a sae 
MOS2 16 21 8 8 MOSMOD M=0.01 . ; 


RBREAK 17 18 RBKMOD 1 
RDRAIN 50 16 RDSMOD 2.2e-3 
RGATE 9 20 5.64 

RIN 6 8 1e9 

RSCL1 5 51 RSCLMOD 1e-6 
RSCL2 5 50 1e3 

RSOURCE 8 7 RDSMOD 42.3e-3 
RVTO 18 19 RVTOMOD 1 


RBREAK 
17 18 


S1A 6 12 13 8 S1AMOD 

$1B 13 12 13 8 SIBMOD 
S2A 6 15 14 13 S2AMOD 
S2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 216 0.82 


ESCL 5150 VALUE = {(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1e6/50,6))} 


.MODEL DBDMOD D (IS = 1.5e-13 RS = 10.9e-3 TRS1 = 2.3e-3 TRS2 = -1.75e-5 CJO = 6.84e-10 TT = 4.2e-8) 
MODEL DBKMOD D (RS = 4.15e-1 TRS1 = 3.73e-3 TRS2 = -3.21e-5) 

MODEL DPLCAPMOD D (CJO = 26.2e-11 IS = 1e-30 N = 10) . 

MODEL MOSMOD NMOS (VTO = 3.91 KP = 12.68 IS = 1e-30 N=10 TOX=1 L=1u W= 1u) 
.MODEL RBKMOD RES (TC1 = 7.73e-4 TC2 = 2.12e-6) 

.MODEL RDSMOD RES (TC1 = 5.0e-3 TC2 = 2.53e-5) 

.MODEL RSCLMOD RES (TC1 = 2.05e-3 TC2 = 1.35e-5) 

.MODEL RVTOMOD RES (TC1 = -4.44e-3 TC2 = -6.45e-6) 

MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-5.29 VOFF= -3.29) 

.MODEL S1BMOD VSWITCH (RON = te-5 ROFF = 0.1 VON =-3.29 VOFF= -5.29) 

-MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -2.25 VOFF= 2.75) 

-MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 2.75 VOFF= -2.25) 


.ENDS 


NOTE: For further discussion of the PSPICE model, consult A New PSPICE Sub-Circuit for the Power MOSFET Featuring Global 
Temperature Options; written by William J. Hepp and C. Frank Wheatley. 
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- = RFD16N05, 
RS RFD16NO5SM 


16A, 50V, Avalanche Rated N-Channel 


December 1995 Enhancement-Mode Power MOSFETs 
Features Packaging 
e 16A, 50V JEDEC TO-251AA 
SOURCE 
* Tps(on) = 0.0472 DRAIN 
e Temperature Compensating PSPICE Model DRAIN (FLANGE) ll 


e Peak Current vs Pulse Width Curve 
e UIS Rating Curve 


* +175°C Operating Temperature 


Description 
JEDEC TO-252AA 
The RFD16N05 and RFD16NO5SM N-channel power MOS- 7 
FETs are manufactured using the MegaFET process. This DRAIN (FLANGE) 


process which uses feature sizes approaching those of LS! 
integrated circuits, gives optimum utilization of silicon, result- 
ing in outstanding performance. They were designed for use 
in applications such as switching regulators, switching con- 
verters, motor drivers, and relay drivers. These transistors 
can be operated directly from integrated circuits. 


SOURCE — 


PACKAGING AVAILABILITY Symbol 


PART NUMBER | PACKAGE BRAND 
RFD16NO05 TO-251AA F16N05 
| RFD16NO5SM TO-252AA F16NO05 


NOTE: When ordering, use the entire part number. Add the suffix 9A 
to obtain the TO-252AA variant in the tape and reel, i.e., 
RFD16NO5SM9A. Ss 


ft 
7 ue 
= 0 
= O 
{c~=_ 
= 
O wi 
zs 
oO 
oO. 


Formerly developmental type TA09771. 


Absolute Maximum Ratings T, = +25°C 


RFD1I6NO05, RFD16NO5SM UNITS 


Diain-SOUrCG VONAGG iii. ocr area nEeneh Kes owe ean Yee Rae eee Voss 50 V 
Drain-Gate VONAGe iiss cuted par tanoan ea aw eae dwar eeG ay eaeeers VocR 50 V 
Gale Source VONAGS tact t edb haaa ene Pee Ran Ohi con eee ee ee Ves +20 V 
Drain Current 
AMS: COMUINUOUS ii6 aa nite e va pA nGae PAG Cee ee Saad e x Ip 16 A 
Pulsed’ Draln Guirent:.2 3.2 sth oeeee oS okie th be kie eee Gd va ane, Sob Bas lom Refer to Peak Current Curve 
Pulsed Avalanche: Round): 3.0.14 yeosekea peek es ae ties Ros Seas on Seo OM Eas Refer to UIS Curve 
Power Dissipation 
To = +25°C clay Big fe Dacca dat Sen tee Gat tor ca Son Meira a gen oa! IS cates isthe! ac ee eters toile we Bee as Baas Oeste de Ys Pp 72 WwW 
Deraleadove ts 25°C, 2s o5j odin Seen ek yds va Meas Ae ewe eee ee de 0.48 w/°C 
Operating and Storage Temperature .... 0.0... eee eee Tstq@ Ty -55 to +175 °C 
Soldering Temperature of Leads for 10S ...... 0.0... cece eee eee Th 260 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD handling procedures. File Number 2267.3 
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Specifications RFD16N05, RFD16N05SM_ 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


[rananeren [seman | vesreonomions [ww [ee [ max [unr 
[Pansorssencmvome | Pow [ormmmvere t= | | | 
Se 
Zero Gate Voltage Drain Current cee ee ee ee 
ee ee 
SO 


Vop = 25V, Ip = BA, 
R, = 3.1250, Ves = 10V, 
Reg = 252 


Turn-On Time 


oy 


a z 


Turn-On Delay Time tp(on) 


Rise Time 
Turn-Off Delay Time to(OFF) 


Fall Time 


mn 


Turn-Off Time F 


Total Gate Charge Qecrot) | Vas = OV to 20V | Vpp = 40V, 
Ip = 16A, 
Qe (10) Ves OV to 10V Re = 2.50 


Qectn) Ves = OV to 2V 


Ciss | Vos = 25V, Vag = OV, 
f = 1MHz 


Gate Charge at 10V 


3 
QO 


Threshold Gate Charge 


= 
.@) 


Input Capacitance 


CG 
7 


ao) 
7 


Output Capacitance Coss 


Reverse Transfer Capacitance 


no} 
Tn 


Crss 


°CW 


Thermal Resistance Junction-to-Case Reyc 2.083 


Thermal Resistance Junction-to-Ambient TO-251 and TO-252 p= | = | 100 | 


Source-Drain Diode Specifications 


PARAMETER SYMBOL TEST CONDITIONS | MIN: | TYP | MAX | UNITS 
Sao a 
Reverse Recovery Time pte Isp = 16A, digp/dt = 100A/is p= | = | 125 fons 


eae Eee 
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RFD16N05, RFD16N05SM 


Typical Performance Curves 


Saas aes OS OS OS ND Oa Om 
Pit a HH 
aww 


< aD atieee ec tin 
E NS ail tae 4 Sue Th I 
i 25 boomer | ew | | | 
vd ” p 
: Oe Sal CC 
rs) 939,001 mW “all 
z o. 
< S Fe ° a , = Cott — 
ra hes ‘ 
z-) OPERATION IN THIS a 

AREA MAY BE I Ta aE Ge 

ance EG DUTY FACTOR: D = ty/t, 

DStOl) SINGLE PULSE | PEAK Ty = Pom X Zgua + Ta 
0.01 
10° = 10°4 10°3 10? 10°! 10° 10" 
Vps: pacereeonee VOLTAGE (V) t, RECTANGULAR PULSE DURATION (s) 
FIGURE 1. SAFE OPERATING AREA CURVE FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 


IMPEDANCE 


Te = +25°C 


FOR TEMPERATURES 
ABOVE +25°C DERATE PEAK 
CURRENT AS FOLLOWS: 


NG HH SEE 
tin 


ms 
mami SCM DST 
|| CE 


TRANSCONDUCTANCE LLIN | 


MAY LIMIT CURRENT il mari 


if 
orate 
> 0 
=O 
{t= 
=o 
O wi 
zs 
oO 
a. 


Ip, DRAIN CURRENT (A) 


IN THIS REGION 


low, PEAK CURRENT CAPABILITY (A) 


25 50 75 100 125 | 150 175 o° 404 10° 10° 10°71 10° 10! 
Tc, CASE TEMPERATURE (°C) t, PULSE WIDTH (s) 
FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs FIGURE 4. PEAK CURRENT CAPABILITY 
TEMPERATURE 
PULSE DURATION = 250us, Tc = +25°C 5 Vpp = 15V 


PULSE TEST 
PULSE DURATION = 250us 
DUTY CYCLE = 0.5% MAX 


a 
Et 


Voss DRAIN-TO- SOURCE VOLTAGE (V) i ges SOURCE Gee Ps 


Ip, DRAIN CURRENT (A) 


10 


Ip(on)» ON-STATE DRAIN CURRENT (A) 


10 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 


RFD16N05, RFD16NO5SM 


Typical Performance Curves (Continued) 


PULSE DURATION = 250us, Vgg = 10V, Ip =16A 


tps(on), NORMALIZED ON RESISTANCE 


-80 -40 0 40 80 120 160 200 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED rpgion) VS JUNCTION TEMPERATURE 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 


T;, JUNCTION TEMPERATURE (°C) 
FIGURE 9. NORMALIZED DRAIN-SOURCE BREAKDOWN VOLT- 
AGE vs JUNCTION TEMPERATURE 


Ves = OV, f = 1MHz 
1600 : 


_ 
nN 
o 
o 


800 


C, CAPACITANCE (pF) 


> 
oOo 
So 


0 5 10 15 20 25 
Vps: DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE 


Ves = Vos, Ip = 250nA 


VesctH) NORMALIZED GATE 
THRESHOLD VOLTAGE 


"-80 -40 0 40 80 120 160 200 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
JUNCTION TEMPERATURE 


POWER DISSIPATION MULTIPLIER 


0 25 50 75 100 125 150 175 
Tc, CASE TEMPERATURE (°C) 


FIGURE 10. NORMALIZED POWER DISSIPATION vs TEMPERA- 
TURE DERATING CURVE 


ey A 


——! we 


oa 
So 


10 


37.5 7.5 


0.75 BVpss 
0.50 BVnss 
0.25 BVpss 


R, = 3.1250 
IG(REF) =0.8mA 
Vag = 10V 


1 
t, TIME (ms) go SREP) 
G (ACT) 


Vps, DRAIN-SOURCE VOLTAGE (V) 
Vgs, GATE-SOURCE VOLTAGE (V) 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 
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RFD16N05, RFD16NO5SM 


Typical Performance Curves (continued) 


eth th 
et Se en Cott cee et 
SE fl 


Ings AVALANCHE CURRENT (A) 


tav: TIME IN AVALANCHE (ms) 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING. 
REFER TO HARRIS APPLICATION NOTES AN9321 AND AN9322 


Test Circuits and Waveforms 


Vv 
i BVpss 


ft 
7 
> 
=O 
g= 
= 
Ow 
zs 
@) 
a. 


VARY tp TO OBTAIN 
REQUIRED PEAK Ias 


Ves 
tp 
OV 
> tay 
FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 
Vpp ton | | torr 
to(on to(or 
Ri. D(ON) (OFF) 
Vps 
Vos 90% 
Ves 
| | 10% 
ov : 
DUT 90% 
Res J 
GS 50% 
PULSE WIDTH 
10% 
FIGURE 16. RESISTIVE SWITCHING TEST CIRCUIT FIGURE 17. RESISTIVE SWITCHING WAVEFORMS 
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RFD16N05, RFD16NO5SM — 


Temperature Compensated PSPICE Model for the RFD16N05, RFD16NO5SM 
SSUBCKT RFD16N05 213; rev 10/31/94 


CA 12 8 1.788¢-10 
CB 15 14 1.875e-10 
CIN 6 8 8.33e-10 
: DPLCAP 5 DRAIN 
DBODY 7 5 DBDMOD | 10 
DBREAK 511 DBKMOD | 
-DPLCAP 10 5 DPLCAPMOD | | RSCL1 


(3) ESCL 
50 


; ESG ($) RDRAIN 11 
16 EBREAK Ga) 


- + 

IT 8 17 1 eae EVTO ; if MOS2 
+. - 

-LDRAIN 2 5 16-9 +e IY Ci Most 

LGATE 1 9 4.56e-9 | LGATE RGATE 

LSOURCE 3 7 4.13e-9 RIN CIN 


. LDRAIN. 


EBREAK 11 7 17 18 64.89 


DBODY 


| LSOURCE 


8 RSOURCE 
MOS1 16 6 8 8 MOSMOD M=0.99 


, : ,» 3 
MOS2 16 21 8 8 MOSMOD M=0.01 | SOURCE 


~RBREAK 17 18 RBKMOD 1 
RDRAIN 50 16 RDSMOD 0.4e-3 
RGATE 9 20 3.0 

RIN 6 8 1e9 

RSCL1 5 51 RSCLMOD 1e-6 
RSCL2 5 50 163 

RSOURCE 8 7 RDSMOD 21.5e-3 
RVTO 18 19 RVTOMOD 1 


RBREAK 
17 18 


S1A 6 12 13 8 S1AMOD 

S1B 13 12 13 8 SiBMOD 
S2A 6 15 14 13 S2AMOD 
S2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 0.82 


ESCL 5150 VALUE = {(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1e6/94,7))} 


MODEL DBDMOD D (iS = 2.5e-13 RS = 7.1e-3 TRS1 = 3.04e-3 TRS2 = -10e-6 CJO = 1.12e-9 TT = 5.6e-8) 
-MODEL DBKMOD D (RS = 2.51e-1 TRS1 = -6.57e-4 TRS2 = 1.66e-6) 

.MODEL DPLCAPMOD D (CJO = 6.1e-10 IS = 1e-30 N = 10) 

.MODEL MOSMOD NMOS (VTO = 3.96 KP = 16.68 IS = 1e-30 N= 10 TOX=1 L=1u W= 1u) 
.MODEL RBKMOD RES (TC1 = 1.07e-3 TC2 = -7.19e-7) 

.MODEL RDSMOD RES (TC1 = 5.45e-3 TC2 = 1.66e-5) 

.MODEL RSCLMOD RES (TC1 = 1.25e-3 TC2 = 17e-6) 

-MODEL RVTOMOD RES (TC1 = -5.15e-3 TC2 = -4,83e-6) 

«MODEL S1TAMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-5.25 VOFF= -3.25) 

-MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -3.25 VOFF= -5.25) 

-MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 0.56 VOFF= 5.56) 

-MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 5.56 VOFF= 0.56) 


-ENDS 


NOTE: For further discussion of the PSPICE model, consult A New PSPICE Sub-Circuit for the Power MOSFET Featuring Global 
Temperature Options; written by William J. Hepp and C. Frank Wheatley. 
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Features 

e 16A, 60V 

* Tpsiony = 0.0472 

¢ Temperature Compensating PSPICE Model 
e Peak Current vs Pulse Width Curve 

e UIS Rating Curve 

* +175°C Operating Temperature 


Description 


The RFD16NO06 and RFD16NO6SM N-channel power MOS- 
FETs are manufactured using the MegaFET process. This 
process which uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, result- 
ing in outstanding performance. They were designed for use 
in applications such as switching regulators, switching con- 
verters, motor drivers, and relay drivers. These transistors 
can be operated directly from integrated circuits. 


PACKAGING AVAILABILITY 


BRAND 


RFD16N06 TO-251AA | F16NO6 
RFD16NO6SM TO-252AA | F16NO6 


NOTE: When ordering, use the entire part number. Add suffix 
9A to obtain the TO-252AA variant in the tape and reel, i.e., 
RFD16NO6SM9A. 


Formerly developmental type TA09771. 


Absolute Maximum Ratings T, = +25°C 


Drain-Source Voltage... cc ask eed de we ee eee we ee awe ales 


Drain-Gate Voltage 


Gate-Source: Voltage 503.0%. is od ehin Yo See dea ewe ee Seneryaed 


Drain Current 


RMS COninuOusiei eos 64 eee ee eee 84 bee Wee eR EwS 


Pulsed Avalanche Rating .......... 0... cc cee eee eee eee ences 


Power Dissipation 


Tes too ad eh vactiae ip eteaahacas outa dtu seusnsene 
Derate above +25°C occ ec cent eee eeens 


Operating and Storage Temperature ............ 0... cece eee ees 
Soldering Temperature of Leads for 10s ................000000- 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
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RFD1I6N06, | 
RFD16NO6SM 


16A, 60V, Avalanche Rated N-Channel 
Enhancement-Mode Power MOSFETs 


Packaging 
JEDEC TO-251AA 
SOURCE 
DRAIN 
DRAIN (FLANGE) GATE 
JEDEC TO-252AA 
DRAIN (FLANGE) 
cate F S 
SOURCE ~ 
| fa 
aD 
= 
Symbol fe) 
y zo 
D = 
O ul 
zs 
Oo 
ie 
G 
Ss 
RFD16N06, RFD16NO6SM UNI. 
gg iieutiiae Vpss 60 V 
ee VpaGrR 60 V 
sachs Sree Sean teas Ves +20 V 
OCR eee: Ip 16 A 
Saree aagertys lom Refer to Peak Current Curve 
Wat ete Sea dande Eas Refer to UIS Curve 
ETE eee Py 72 w 
nor ee re 0.48 wc 
Suite: Sena ve aN Tstq@ Ty -55 to +175 0} 
ee occalteneeal | 260 °C 


File Number 4087 


Specifications RFD16N06, RFD16NO6SM 


Electrical Specifications T, = +25°C, Unless Otherwise Specified : 


| PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage - Ip = 250pA, Ves = OV ee ee ees 


Gate Threshold Voltage VasctH) | Vas = Vps: Ip = 250pA V 


To = +25°C 
To = +1 50°C 


'DS(ON) Ip = 16A, Ves = 10V 


> 


Zero Gate Voltage Drain Current 


> 


5 
> 


Gate-Source Leakage Current Vag = +20V 


On Resistance 0.047 Q 


Turn-On Time Vop = 30V, Ip = 8A, Ry, = 3.75Q, 


Vag = 10V, Reg = 250 


_ 
BAN 


Turn-On Delay Time tp(on) 


Rise Time 


Turn-Off Delay Time 


on 
oO 


to(OFF) 


Fall Time 


f°2) 


a 


Turn-Off Time 125 


FF 


> 
1?) 


Total Gate Charge 


Ves =O0Vto20V | Vop = 48V, 
Veg = 0V to 10V | R, = 32 
Ves = 0V to 2V : 


Vos = 25V, Ves = OV, f= 1MHz 


_ Qerot) 


Gate Charge ati0V 


ft 
ao 


a?) 
Tn 


=| 
QO 


Qe\10) 
Threshold Gate Charge 


a] 
.?) 


Qectn) 


Input Capacitance Ciss 


Q 
N 
or 
wn 


Output Capacitance Coss 


100 


Reverse Transfer Capacitance Crss 


°C 


/W 


Thermal Resistance Junction-to-Case Rec 


Thermal Resistance Junction-to-Ambient TO-251 and TO-252 Pee a0: | 


Source-Drain Diode Ratings and Specifications | : 


PARAMETERS | SYMBOL TEST CONDITIONS | win | TYP | MAX | UNITS | 
Reverse Recovery Time Sta Isp = 16A, digp/dt = 100A/yis p= f= | 125 | ons 


oo 

So 
o lou clr 
a | 
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RFD16N06, RFD16NO6SM 


Typical Performance Curves 


te | 
) av 


HAUT 
TZ ef ot TT 


Ip, DRAIN CURRENT (A) 
i 
aa 
a 


OPERATION IN THIS 
AREA MAY BE 
LIMITED BY rpsion) 


a #10ms 
ie MAX = 60V NN pc 


Vos; Sere SOURCE VOLTAGE (V) 
FIGURE 1. SAFE OPERATING AREA CURVE 


lp, DRAIN CURRENT (A) 


25 50 75 100 125 150 175 
Tc, CASE TEMPERATURE (°C) 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 


PULSE DURATION = 250us, To = +25°C 


Ip, DRAIN CURRENT (A) 


Vps; DRAIN-TO-SOURCE oo. (V) 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 


ae 
lead (LL 
TC we 00 HT 


0.2 ioe Frio 


Zoey» NORMALIZED 
THERMAL RESPONSE 


| NOTES: 
DUTY FACTOR: D = t,/ty 
PEAK Ty = Pom x Zouc + Tec 


405 104 10° 10° 10°! 10° 10! 
_ t, RECTANGULAR PULSE DURATION (s) 


FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 


tH 
ill 
55 
SCT 


ft 
ay ik 
> 
=O 
{= 
-. 
O wi 
zs 
oO 
A. 


tH it oH 
105 104 10° 10°72 1071 10° 10! 
t, PULSE WIDTH (s) 
FIGURE 4. PEAK CURRENT CAPABILITY 


MAY LIMIT CURRENT 
IN THIS REGION 


lpm, PEAK CURRENT CAPABILITY (A) 


Vpp = 15V 


PULSE TEST 
PULSE DURATION = 250us 
DUTY CYCLE = 0.5% MAX 


Ip(on)» ON-STATE DRAIN CURRENT (A) 


Ves, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFD16N06, RFD16NO6SM 


Typical Performance Curves (continued) 


PULSE DURATION = 250s, Vgg = 10V, Ip = 16A 


Tps(ony NORMALIZED ON RESISTANCE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7, NORMALIZED rpsion) vs JUNCTION 
TEMPERATURE 


Ip = 250nA 


2.0 


= 
a 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 
t=) 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9.. NORMALIZED DRAIN-SOURCE BREAKDOWN 
VOLTAGE vs JUNCTION TEMPERATURE 


Ves = OV, FREQUENCY (f) = 1MHz 


_ 
wd 
So 
i=) 


C, CAPACITANCE (pF) 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE 


Ves = Vos: Ip = 250LA 


Vast NORMALIZED GATE 
THRESHOLD VOLTAGE 


"80 -40 0 40 80 120 160 200 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
JUNCTION TEMPERATURE 


POWER DISSIPATION MULTIPLIER 


Tc, CASE TEMPERATURE (°C) 


FIGURE 10. NORMALIZED POWER DISSIPATION vs TEMPERA- 
TURE DERATING CURVE 


0.75 BVpss 
0.50 BVpss 
0.25 BVpsg 


Vps, DRAIN-SOURCE VOLTAGE (V) 
Vas, GATE-SOURCE VOLTAGE (V) 


i le 
20, S(RED t, TIME (us)  80-c6REF) 
G(ACT) G (ACT) 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 
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RFD16N06, RFD16NO6SM 


Typical Performance Curves (continued) 


Ins, AVALANCHE CURRENT (A) 


lf Rx 
tay = (UR)In{(lag"RVCA "RATED BVpss-Vpp) +1) 


0.01 0.1 


10 


tay, TIME IN AVALANCHE a 


FIGURE13. UNCLAMPED INDUCTIVE SWITCHING. 
REFER TO HARRIS APPLICATION NOTES AN9321 AND AN9322 


Test Circuits and Waveforms 


Vps 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


Ves 


OV 


FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT 


Vop 


DUT 


FIGURE 16. RESISTIVE SWITCHING TEST CIRCUIT 


3-25 


BVoss 


FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 


ton torr 


tp(on) to(orF) 


90% 


10% 


90% 


Ves 


50% 


PULSE WIDTH 


10% 


FIGURE 17. RESISTIVE SWITCHING WAVEFORMS 


ft 
aU 
=> 
=O 
{= 
fc 
O wi 
zs 
eo) 
a. 
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RFD16N06, RFD16NO6SM 


Temperature Compensated PSPICE Model for the RFD16N06, RFD16NO6SM 


.SUBCKT RFD1I6N06 213; 
CA 12 8 1.788e-10 | 

CB 15 14 1.875e-10 

CIN 6 8 8.33e-10 


DBODY 7 5 DBDMOD 
DBREAK 5 11 DBKMOD 
DPLCAP 10 5 DPLCAPMOD 


IT 8 17 1 


LDRAIN 2 5 te-9 
LGATE 1 9 4.56e-9 
LSOURCE 3 7 4.13e-9 


rev 10/31/94 


GATE 


MOS1 16 6 8 8 MOSMOD M=0.99 
MOS2 16 21 8 8 MOSMOD M= 0.01 


RBREAK 17 18 RBKMOD 1 


RDRAIN 50 16 RDSMOD 0.4e-3 


RGATE 9 20 3.0 

RIN 6 8 169 

RSCL1 5 51 RSCLMOD 1e-6 
RSCL2 5 50 1e3 


RSOURCE 8 7 RDSMOD 21.5e-3 


RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 

S1B 13 12 13 8 SiBMOD 
S2A 6 15 14 13 S2AMOD 
S2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 


_VTO 21 6 0.82 


10 


DPLCAP 


RSCL2 


ESG 
: 


EVTO 


" LGATE RGATE 


CIN 


5 


SIA ¢ » S2A 
12 3 15 
$6 Tt3 
13 
CA . CB 


+ 
EGS (3) EDS 


ESCL 5150 VALUE = {(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1e6/94,7))} 


3114 


DRAIN 
LDRAIN. 


DBREAK 


ag DBODY 
EBREAK Gh 


MOS2 


|RSOURCE | 7, |-LSOURCE 


> 3 
SOURCE 


RBREAK 
18 


Onn 19 


= VBAT 


-MODEL DBDMOD D (IS = 2.5e-13 RS = 7.1e-3 TRS1 = 3.04e-3 TRS2 = -10e-6 CUO = 1.12e-9 TT = 5.6e-8) 
.MODEL DBKMOD D (RS = 2.51e-1 TRS1 = -6.57e-4 TRS2 = 1.66e-6) 
-MODEL DPLCAPMOD D (CJO = 6.1e-10 IS = 1e-30 N = 10) 

MODEL MOSMOD NMOS (VTO = 3.96 KP = 16.68 IS = 1e-30 N= 10 TOX=1 L=1u W= 1u) 
.MODEL RBKMOD RES (TC1 = 1.07e-3 TC2 = -7.19e-7) 
-.MODEL RDSMOD RES (TC1 = 5.45e-3 TC2 = 1.66e-5) 
MODEL RSCLMOD RES (TC1 = 1.25e-3 TC2 = 17e-6) 


.MODEL RVTOMOD RES (TC1 = -5.15e-3 TC2 = -4.83e-6) 


-MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-5.25 VOFF= -3.25) 
-MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-3.25 VOFF= -5.25) 
MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 0.56 VOFF= 5.56) 
MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 5.56 VOFF= 0.56) 


-ENDS 


NOTE: For further discussion of the PSPICE model, consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options; authored by William J. Hepp and C. Frank Wheatley. 
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Features 

¢ 254A, 60V 

© Tyson) = 0.0472 

¢ Temperature Compensating PSPICE Model 
¢ Peak Current vs Pulse Width Curve 

e UIS Rating Curve 

¢ +175°C Operating Temperature 


Description 


The RFP25N06, RF1S25N06, and RF1S25NO6SM N-Chan- 
nel power MOSFETs are manufactured using the MegaFET 
process. This process which uses feature sizes approaching 
those of LSI integrated circuits, gives optimum utilization of 
silicon, resulting in outstanding performance. They were 
designed for use in applications such as switching regula- 
tors, switching converters, motor drivers, and relay drivers. 
These transistors can be operated directly from integrated 
circuits. 


PACKAGE AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
RFP25N06 TO-220AB RFP25N06 
| RF1S25N06 TO-262AA F1S25N06 


RFP25N06, RF1S25N06, 
RF1S25N06SM 


25A, 60V, Avalanche Rated N-Channel 
Enhancement-Mode Power MOSFETs 


Packages 
JEDEC TO-220AB 
SOURCE 
DRAIN 
GATE 
DRAIN 
(FLANGE) 
JEDEC TO-262AA 
SOURCE 
DRAIN 
GATE 
DRAIN 
(FLANGE) 
JEDEC TO-263AB 
: DRAIN 
(FLANGE) 
GATE 
SOURCE 
Symbol 


D 

RF1S25NO6SM TO-263AB F1S25N06 
NOTE: When ordering, use the entire part number. Add the suffix, 9A, 
to obtain the TO-263AB variant in tape and reel, i.e. RF1S25NO6SM9A. G 
Formerly developmental type TA09771. 

S 
Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 
RFP25N06, RF1S25N06, 
RF1S25NO06SM UNITS 

Drain-Source VOilWage: vice pres oe oe teamed hae ye Keeees Sig ewe ee aed nals Voss 60 V 
DrainsGate: Voltage .u-an 5 eee eo lero ond tak ehe eras tewe sees weme eed VoarR 60 V 
Gate-Source VONAGG ic isi vs ec inte cpa ieae eae weeps ead Henkin eA Wie Ws Ves +20 V 
Drain Current 

RMS COMUNUOUS San pore sos at aewn ee ere el G adel oo eee teas abun oe Ip 25 A 

PUSEG DraImCUNONY .ontiou.e cea twe ede he Ree eel Peeeee a eanee 2 etew. low Refer to Peak Current Curve 
Pulsed Avalanche Ratings: 6 ics ashe a4 area gina hee Reais sa Sees Eas Refer to UIS Curve 
Power Dissipation 

nO Ga ORCA hn tein See tiete ed ch Matty Ak head wR AG eat balan ah ah ye anne meant Maat Pp 72 WwW 

DeIAle GNOVE 425°C oie nt ri Sieord cut eae Aue wanes eaten Swern sekuntiwes 0.48 w/°C 
Operating and Storage Temperature .......... 0... cece ee tees Tsta@ Ty -55 to +175 °C 
Soldering Temperature of Leads for 10S .. 0.0... 2. ec tenes Th 260 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 1 492.3 


Copyright © Harris Corporation 1995 
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Specifications RFP25N06, RF1S25N06, RF1S25NO6SM 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


[esis [owen | vesremonone [om [ ve | ww [or] 
Ss 
veneer fet T+ 

a i 
ae ee 
Sa 
On Resistance DS(ON) 0.047 Q 


Vp = 30V, Ip = 12.5A, 
R, = 2.40, Ves = 10V, 
Regs = 102 


Zero Gate Voltage Drain Current 


Turn-On Time 


a” 
z 


Turn-On Delay Time toon) 


Rise Time 


w 
2) 


Turn-Off Delay Time to(oFF) 


Fail Time 


Coma) 


—_ 


Turn-Off Time torr 


Total Gate Charge 


3 
O 


Qecton Ves = OV to 20V Vop = 48V, 
Qe 0) Ves = OV to 10V 


Vos = 25V, Veg = OV, 
f= 1MHz 


Gate Charge at 10V 


or 
5 
1?) 


Threshold Gate Charge 


pop. 
ch rs 


Input Capacitance 


i<e) 
“I 
ol 
TT 


Ciss 


Output Capacitance Coss 330 


Ao) 


N 
ne) 


3 
O 


Reverse Transfer Capacitance Crss 


Thermal Resistance Junction-to-Case 


wk 
(2) 
oO 
ne} zo) 
Ti 


TN 


Rosc 2.083 | °C/W 


Source-Drain Diode Ratings and Specifications 


PARAMETERS SYMBOL TEST CONDITIONS pmn | rye | max UNITS | 
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RFP25N06, RF1S25N06, RF1S25NO6SM 


Typical Performance Curves 


= ert Seer emaett iH 
= Lu — ul mime 
= O92 The “(| eR 
> NO insta alll {- li 
a oe ee alll TC 
s et ii 
O oOo 
z Zz 01 
< o 
a ac 
ra Ne 
8 i= 
~ OPERATION IN a 
AREA MAY BE 
DUTY FACTOR: D = t,/t, 
mgd BY ros(on) adh || PEAK Ty = Pow x Zgua + Ta 
1 Stal 105 = 10°4 10° 10? 107 ~~ 10° 10! 
Vps> sauieeainte VOLTAGE (V) t, RECTANGULAR PULSE DURATION (s) 
FIGURE 1. SAFE OPERATING AREA CURVE FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 
To = +25°C 
= FOR TEMPERATURES ABOVE +25°C 
=< 200 ral ! DERATE PEAK CURRENT 
= > CAPABILITY AS FOLLOWS: Pal 
- = 175-T.. ) a WW 
a < 100 l= a S ) Lu 5 
- a 150 =o 
ed < <= 
5 o {c= 
oO - 
z i a. 
< oc Oo lu 
PS es z> 
a 7 Oana 1 a 4 
- TRANSCONDUCTANCE 1m 
a. MAY LIMIT CURRENT 
2 IN THIS REGION 
25 50 75 100 125 150 175 10,5 107% 107° 10°72 401 10! 
Tc, CASE TEMPERATURE (°C) t, PULSE WIDTH (s) 
FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs FIGURE 4. PEAK CURRENT CAPABILITY 
TEMPERATURE 
PULSE DURATION = 250i:s, Tc = +25°C =, Vop = 15V 
< 
5 60 
< oc 
E © 50 
Oo 
Li 
= 
3 3% 
a | [ea 
oO a 
z ul 30 
Fs a PULSE TEST 
a) ® o9 | PULSE DURATION = 250us 
5 FS DUTY CYCLE = 0.5% MAX 
= 10 
° 
5 
0 
i 0 2 4 6 8 10 
Vps: DRAIN-TO-SOURCE VOLTAGE (V) Ves, GATE-TO-SOURCE VOLTAGE (V) 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFP25N06, RF1S25N06, RF1S25NO6SM 


Typical Performance Curves (continued) 


Ip = 250uA 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 


T,;, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED DRAIN-SOURCE BREAKDOWN 
VOLTAGE vs JUNCTION TEMPERATURE 


PULSE DURATION = 250us, Vgg = 10V, Ip = 25A 


2.5 | 


rps(on)» NORMALIZED ON RESISTANCE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED rpson) VS JUNCTION 
TEMPERATURE 


Vag = OV, FREQUENCY (f) = 1MHz 


1600) 


C, CAPACITANCE (pF) 
s 68 


> 
So 
o 


Vps; DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE 


Ves = Vos; Ip = 250uA 


Vas(rh) NORMALIZED GATE 
THRESHOLD VOLTAGE 


-B0 -40 0 40 80 120 160 200 
T,, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
JUNCTION TEMPERATURE 


POWER DISSIPATION MULTIPLIER 


0 25 50 75 100 125 150 175 
Tc, CASE TEMPERATURE (°C) 


FIGURE 10. NORMALIZED POWER DISSIPATION vs TEMPERA- 
TURE DERATING CURVE 


0.75 BVpss 


0.50 BVpsg 
0.25 BYpss 


Q 
IG(REF) = 0.75mA 


Vps, DRAIN-SOURCE VOLTAGE (V) 
Vgs, GATE-SOURCE VOLTAGE (V) 


le (REF) 


I 
G(REF) ot TIME (us) 80; 
G(ACT) 


20; 
G(ACT) 
FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 
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RFP25N06, RF1S25N06, RF1S25NO6SM 


Typical Performance Curves (continued) 


100 


10 


PoU_retiel 
IfR=0 


tas» AVALANCHE CURRENT (A) 


lfR #0 


tay = (L)(las)(1.3*RATED BVpgs - Vpp) 


tay = (L/R)In[(Ias*R)/(1.3* RATED BVpgs-Vpp) +1] 


0.01 0.1 


tay, TIME IN AVALANCHE (ms) 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING. 
REFER TO HARRIS APPLICATION NOTES AN9321 AND AN9322 


Test Circuits and Waveforms 


Vps 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


Ves : 


t 


FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT 


Re 


Vop 


Ri 


DUT 


FIGURE 16. RESISTIVE SWITCHING TEST CIRCUIT 
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ton torr 


tp(oFF) 
tr tr 
90% 


10% 


90% 


Ves 50% 


10% 


<—_———- PULSE WIDTH 


FIGURE 17. RESISTIVE SWITCHING WAVEFORM 
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RFP25N06, RF1S25N06, RF1S25NO6SM 


Temperature Compensated PSPICE Model for the RFP25N06, RF1S25N06, 
RF1S25N06SM 


SUBCKT RFP25N06 213; — rev 8/19/94 


CA 12 8 1.83e-9 
CB 15 14 1.98e-9 
CIN 6 8 9.7e-10 
DPLCAP 5 DRAIN 
DBODY 7 5 DBDMOD 10 
DBREAK 511 DBKMOD 
DPLCAP 10 5 DPLCAPMOD _— RSCL1 


RSCL2 DBREAK 


LDRAIN- 
EBREAK 11 7 17 18 65.9 


RDRAIN 11+ @ DBODY 
: | EBREAK(47) 


_ + 
IT 8 17 1 sie EVTO if! I< MOS2 


+ : 6 

LDRAIN 2 5 1e-9 16 Ww Most 

LGATE 1 9 4.92e-9 LGATE RGATE 

LSOURCE 3 7 4.5e-9 RIN CIN 
8 RSOURCE | , |-LSOURCE 

MOS1 16 6 8 8 MOSMOD M=0.99 5 SURGE 

MOS2 16 21 8 8 MOSMOD M=0.01 


_ RBREAK 17 18 RBKMOD 1 
RDRAIN 50 16 RDSMOD 1.1e-3 
RGATE 9 20 2.88 

RIN 6 8 1e9 

RSCLi 5 51 RSCLMOD 1e-6 
RSCL2 5 50 1e3 

RSOURCE 8 7 RDSMOD 20.3e-3 
RVTO 18 19 RVTOMOD 1 


RBREAK 


(1) IT Lg 


= VBAT 


S1A 6 12 13 8 SIAMOD 

S1B 13 12 13 8 S1BMOD 
S2A 6 15 14 13 S2AMOD 
$2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 0.764 


ESCL 5150 VALUE = {(V(5,51)/ABS(V(5,51)))"(PWR(V(5,51)*1e6/108,6))} 


MODEL DBDMOD D (IS = 2.32e-13 RS = 5.72e-3 TRS1 = 2.56e-3 TRS2 = -5.13e-6 CJO = 1.18e-9 TT =5.62e-8) 
.MODEL DBKMOD D (RS = 2.00e-1 TRS1 = 3.33e-4 TRS2 = 2.68e-6) 

MODEL DPLCAPMOD D (CJO = 6.55e-10 IS = 1e-30 N = 10) 

MODEL MOSMOD NMOS (VTO = 3.89 KP = 15.03 IS = 1e-30 N=10 TOX=1 L=1u W=1u) 
MODEL RBKMOD RES (TC1 = 1.04e-3 TC2 = -1.04e-6) 

MODEL RDSMOD RES (TC1 = 5.85e-3 TC2 = 1.77e-5) 

MODEL RSCLMOD RES (TC1 = 2.0e-3 TC2 = 1.5¢e-6) 

MODEL RVTOMOD RES (TC1 = -5.35e-3 TC2 = -3.77e-6) 

MODEL S1AMOD VSWITCH (RON = te-5 ROFF = 0.1 VON = -5.04 VOFF= -3.04) 

MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -3.04 VOFF= -5.04) 

MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -3.02 VOFF= 1.98) 

MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 1.98 VOFF= -3.02) 


ENDS 


NOTE: For further discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options; written by William J. Hepp and C. Frank Wheatley. 
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SEMICONDUCTOR 


Ga HARRIS 


December 1995 


RFG45N06, RFP45N06, 


RF1S45N06, RF1S45N06SM 


45A, 60V, Avalanche Rated N-Channel 
Enhancement-Mode Power MOSFETs 


Copyright © Harris Corporation 1995 


Features Packages 


e 454A, 60V 
® DS(ON) = 0.0282 
¢ Temperature Compensating PSPICE Model 


Description 


The RFG45N06, RFP45N06, RF1S45N06, RF1S45NO6SM 
N-Channel power MOSFETs are manufactured using the 
MegaFET process. This process, which uses feature sizes 
approaching those of LSI integrated circuits gives optimum 


DRAIN 
e Peak Current vs Pulse Width Curve (BOTTOM 


e UIS Rating Curve 
¢ +175°C Operating Temperature | | 


JEDEC STYLE T0O-247 


utilization of silicon, resulting in outstanding performance. DRAIN 
They were designed for use in applications such as switch- (FLANGE) 
ing regulators, switching converters, motor drivers, relay 7) 
: , é = 
drivers and emitter switches for bipolar transistors. These jw 
transistors can be operated directly from integrated circuits. a 7; 
PACKAGE AVAILABILITY z s 
PART NUMBER PACKAGE BRAND JEDEC TO-262AA = fm 
RFG45N06 RFG45N06 SOURCE 9 = 
DRAIN = 
| RFP45NO6 TO-220AB RFP45N06 : DRAIN GATE 4 
. | FLANGE) 
RF1S45N06 TO-262AA F1S45N06 ( 
RF1S45NO6SM TO-263AB F1S45N06 | 
NOTE: When ordering, use the entire part number. Add the suffix, 9A, 
to obtain the TO-263AB variant in tape and reel, i.e. RF1S45NO6SM9A. 
Formerly developmental type TA49028. JEDEC TO-263AB 
Symbol D 
DRAIN 
(FLANGE) 
G 
S 
Absolute Maximum Ratings Tx, = +25°C 
RFG45N06, RFP45N06 
RF1S45N06, RF1S45NO6SM UNITS 
Drain SOURCE VONAGSs vanwac Shan weve feet Pol os owas pe aheies Vpss 60 V 
Drain Gale VOla0G: fe cncwenercongsece salsa elaamiats Sdyeg@asiutetKs VpGR 60 V 
Gale SOUICG V ONAGG a5. 25%.) incense cee ae eae Cad he Hee eae as Ves +20 V 
Drain Current 
RMS CONnUNUOUS. cs tuttc tote h eatery news a keener eal hee Reen ees ID 45 A 
PuISeG Dra CuUnOnt: 4 s:4.20 eee tit fede Sua he ae eae e Bee lom Refer to Peak Current Curve 
Pulsed Avalanche Rang vce evade phic a6 weld eee ea Peek Bed eek a eeise Eas Refer to UIS Curve 
Maximum Avalanche Curent .o 0.0 66 vo ncaie se ie eee ee Steele we on Pew Powe S s lAM 125 A 
Power Dissipation 
Mgr o OC tenu kittens nt saceencaieae scene acaetewehawuntes Pp 131 Ww 
Demteaboves25 Cyne uh ay ake Sve ani hey at eee dee bales Py 0.877 Ww/°C 
Operating and Storage Temperature ......... 0... ccc ee eee eee Tstq@ Ty -55 to +175 °C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD handling procedures. 
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File Number 3574.2 


Specifications RFG45N06, RFP45N06, RF1S45N06, RF1S45NO6SM 


Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


[rannneren[oviece [sesreonomons [wm [re [ wax [ ors 
[Pansomwsnacmvone [Sew [oraoaverm | © | [|v 
[eaoroemenvom | veorw [veervewtrama [| + |v 
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To = +150°C 
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to 


Vpp = 30V, Ip = 45A 
Ry, = 0.667Q, Ves = +10V 
Res = 3.60 
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G@ 
N 


N 
Turn-Off Time FF 


Source-Drain Diode Specifications 


PARAMETER SYMBOL TEST CONDITIONS p MIN, 
Reverse Recovery Time pte Isp = 45A, digp/dt = 100A/us — 


3 
.?) 


Ves = 0 to 20V Vop = 48V, 
Ves =0to 10V | R= 1.072 
Ves =0to2V 


Vos = 25V, Vas = OV 
f = 1MHz 
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TYP 


RFG45N06, RFP45N06, RF1S45N06, RF1S45NO6SM 


Typicai Performance Curves 
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ran) : 
eS OPERATION IN THIS 


AREA MAY BE 
LIMITED BY TDS(ON) 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 1. SAFE- OPERATING AREA CURVE 


ip, DRAIN CURRENT (A) 


To, CASE TEMPERATURE (°C) 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 


PULSE DURATION = 250us, Tc = +25°C 
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Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 
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S: 
| DUTY FACTOR: D = t/t, 
PEAK Ty = = Pom xX Zouc + Te 


10°* 10°3 10° 10°! 10° 
t, RECTANGULAR PULSE DURATION (s) 


FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 


To = +25°C 
10° 


GS At | | 


FOR TEMPERATURES ABOVE +25°C | 
DERATE PEAK CURRENT 
CAPABILITY AS FOLLOWS: 


_ 175-T,. 
~ “25 
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iM weal 
TRANSCONDUCTANCE THMSC TCI Tn 


MAY LIMIT CURRENT HCAS 
IN THIS REGION BAL HT | 
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lom, PEAK CURRENT CAPABILITY (A) 
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FIGURE 4. PEAK CURRENT CAPABILITY 
Vop = 15V 


125 


| PULSE TEST 
PULSE DURATION = 250us 
DUTY CYCLE = 0.5% MAX 


-55°C 


100 : 
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FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFG45N06, RFP45N06, RF1S45N06, RF1S45NO6SM 


Typical Performance Curves (continued) 


PULSE DURATION = 250us, Ves = 10V, Ip = 445A 


rps(ony NORMALIZED ON RESISTANCE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED rpgiony VS JUNCTION 
TEMPERATURE 


- Ip = 250nA 
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BREAKDOWN VOLTAGE 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
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FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN 
VOLTAGE vs TEMPERATURE 


4000 Ves = OV, f = 1MHz 


3000 | 


2000 | 


C, CAPACITANCE (pF) 


1000 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE 
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Vas = Vos: Ip = 250nA 


Vascrny, NORMALIZED GATE 
THRESHOLD VOLTAGE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE 


POWER DISSIPATION MULTIPLIER 
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FIGURE 10. NORMALIZED POWER DISSIPATION vs 
TEMPERATURE DERATING CURVE 
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Vas, GATE-SOURCE VOLTAGE (V) 


0.75 BVpss 0.75 BVpss 

0.50 BVpss 0.50 BVpss 
0.25 BVpss __ 0.25 BVpss 
Ry = 1.332 © 


iG(REF) =1.5mA 
Vas = 10V 


Vps, DRAIN SOURCE VOLTAGE (V) 
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t, TIME (us) 
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FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO 
APPLICATION NOTE AN7254 AND AN7260 
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RFG45N06, RFP45N06, RF1S45N06, RF1S45NO6SM 


Typical Performance Curves (continued) 


300 


STARTING T, = +25°C 
1m 2s a HH 
THT tO 


: St 


las, AVALANCHE CURRENT (A) 


i tay = “(L) (ias) / (1.3 RATED BVpgsg - Vpp) 


IfR +0 
tay = (L/R) In [(Iqg*R) / (1.3 RATED BVpgssg - Vpp) + 1) 


0.01 0.1 1 10 
tay, TIME IN AVALANCHE (ms) 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 


Test Circuits and Waveforms 


a 
aul 
LL. 
BVpss Vos > ” 
22 
Fe 
O w 
VARY tp TO OBTAIN Re n z= 
REQUIRED PEAK Ias = Vp 4 
Ves ‘ 
t 
FIGURE 14. UNCLAMPED ENERGY WAVEFORMS FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT 
ton =a torr Vpp 
| toon) | to(oFF) 
; tr te Ri 
oS 90% 
Vps 
Ves 
10% | | DUT 
OV 
90% 
, R 
’ 50% 50% = 
GS 
PULSE WIDTH 
10% =a 
FIGURE 16. RESISTIVE SWITCHING WAVEFORMS FIGURE 17. RESISTIVE SWITCHING TEST CIRCUIT 
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RFG45N06, RFP45N06, RF1S45N06, RF1S45NO6SM 


Temperature Compensated PSPICE Model for the 
RFG45N06, RFP45N06, RF1S45N06, RF1S45NO6SM 


.SUBCKT RFP45N06 2 1 3 
REV 1/18/93 
*NOM TEMP = +25°C 


CA 12 8 3.49E-9 
CB 15 143.8E-9 DRAIN 


CIN 6 8 2E-9 10 | 
: DPLCAP 


DBODY 75 DBDMOD ESG (=) 
DBREAK 5 11DBKMOD : 


DPLCAP 10 5 DPLCAPMOD Bee | Bae | = iT 


9 20 + ged 
EBREAK 11 7 17 18 66.5 1¢ ) 
EDS 148581 LGATE RGATE 

EGS 138681 | RIN > 
ESG6 1068 1 | 
EVTO 206 188 1 


' . 2 
| LDRAIN 


> RDRAIN 


DBODY 


| LSOURCE 
lepetulageg! 
SOURCE 


IT 8171 17 avira 18 
LDRAIN 2 5 1E-9 | RVTO 
LGATE 1 9 5.65E-9 A 
LSOURCE 3 7 4.13E-9 - (+) iT 19 

| EGS ( EDS (-5- = : VBAT 
MOS1 16 6 8 8 MOSMOD M=0.99 : Af r+ 


MOS2 16 21 8 8 MOSMOD M=0.01 


RBREAK 17 18 RBKMOD 1 
RDRAIN 5 16 RDSMOD 3.58E-3 
RGATE 9 20 0.681 

RIN 6 8 1E9 

RSOURCE 8 7 RDSMOD 13.6E-3 
RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 
S1B 13 12 13 8 SiBMOD 
S2A 6 15 14 13 S2AMOD 
S2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 0.92 


.MODEL DBDMOD D (iS=8.2E-13 RS=7.86E-3 TRS 1=2.26E-3 TRS2=2.90E-6 CJO=2.07E-9 TT=5.72E-8) 
-MODEL DBKMOD D (RS=1.93E-1 TRS1=5.13E-4 TRS2=-2.15E-5) 

.MODEL DPLCAPMOD D (CJO=1.25E-9 IS=1E-30 N=10) 

.MODEL MOSMOD NMOS (VTO=3.862 KP=55.57 IS=1E-30 N=10 TOX=1 L=1U W=1U) 
-MODEL RBKMOD RES (TC1=1.12E-3 TC2=-5.18E-7) 

-MODEL RDSMOD RES (TC1=4.64E-3 TC2=1 .58E-5) 

-MODEL RVTOMOD RES (TC1=-4.27E-3 TC2=-6.55E-6) 

MODEL S1AMOD VSWITCH (RON=1E-5 ROFF=0.1 VON=-6.5 VOFF=-1.7) 

.MODEL S1BMOD VSWITCH (RON=1E-5 ROFF=0.1 VON=-1.7 VOFF=-6.5) 

-MODEL S2AMOD VSWITCH (RON=1E-5 ROFF=0.1 VON=-3.0 VOFF=2) 

-MODEL S2BMOD VSWITCH (RON=1E-5 ROFF=0.1 VON=2.0 VOFF=-3.0) 


-ENDS 


NOTE: For further discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options; authors, William J. Hepp and C. Frank Wheatley. 
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mn HARRIS RFG50N06, RFP50NO06, 
ee RF1S50N06, RF1S5ONO6SM 


50A, 60V, Avalanche Rated N-Channel 


December 1995 Enhancement-Mode Power MOSFETs 
Features Packages 
e 50A, 60V JEDEC STYLE TO-247 


FDSs(ON) = 0.022Q 
Temperature Compensating PSPICE Model 


DRAIN 
¢ Peak Current vs Pulse Width Curve (BOTTOM 
e UIS Rating Curve cies iia SS 


No 


¢ +175°C Operating Temperature 
Description 


The RFGSONO6, RFPS5O0NO06, RFISSONO6, and 

RF1S50NO6SM N-Channel power MOSFETs are manufac- 

tured using the MegaFET process. This process, which uses 

feature sizes approaching those of LS! integrated circuits 

gives optimum utilization of silicon, resulting in outstanding DRAIN 
performance. They were designed for use in applications (FLANGE) 
such as switching regulators, switching converters, motor | 

drivers, and relay drivers. These transistors can be operated 

directly from integrated circuits. 


PACKAGE AVAILABILITY 


PARTNUMBER | PACKAGE | BRAND 


JEDEC TO-262AA 


ft 
ue 
> 
=O 
g= 
= 
O wi 
z= 
O 
a. 


RFGSONO6 TO-247 RFG50N06 pou 
RFPS50N06 TO-220AB RFP50N06 DRAIN GATE 


(FLANGE) 


RF1S50N06 TO-262AA F1S50N06 
RF1S50NO6SM TO-263AB F1S50N06 


NOTE: When ordering, use the entire part number. Add the suffix, 9A, 
to obtain the TO-263AB variant in tape and reel, i.e. RF1SSONO6SM9A. 


Formerly developmental type TA49018. 
JEDEC TO-263AB 


Symbol D 


DRAIN 
(FLANGE) 


S 


Absolute Maximum Ratings T, = +25°C 
RFGS50NO06, RFP50NO6 


RF1S50N06, RF1S5ONO6SM UNITS 

Drain Source Voltage. ... 0... ccc cece cece teens Vpss 60 V 
Drain. Gate Voltage occ. vac decked ane eae een One eee dees VpcR 60 V 
Gate Source Voltage ....... eee eee eee eee eens Ves +20 V 
Drain Current 

RMS COninUOUSs oi va us caw es eweese ee seen cesta essai Ip 50 A 

Pulsed Drain Curent ie cca me tetihepaeWw Shawnie eine nee ere kwa lpm Refer to Peak Current Curve 
Pulsed Avalanche Rating............ 0c cece ce eee eee eens Eas Refer to UIS Curve 
Maximum Avalanche Current.......... 0... cee c eee eee eee lam 125 A 
Power Dissipation 

NAeS CO ciilat ae Ceara oe ree eeat ees eee eRe ones Pp 131 Ww 

Derate above: 425°C «ko eee arene ences Py 0.877 WC 
Operating and Storage Temperature... 1.0... 6. eee cee ees Tst@: ly -55 to +175 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD handling procedures. File Number 3 575.2 
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Specifications RFG50N06, RFP50N06, RF1S50N06, RF1SSONO6SM 


Electrical Specifications To = +25°C, Unless Otherwise Specified. 


| PARAMETER SYMBOL TEST CONDITIONS | min | typ | Max | UNITS 
Gate Threshold Voltage Vas = Vos; Ip = 250A | V 


Zero Gate Voltage Drain Current To = +25°C 


To = +150°C 
Turn-On Time Vpp = 30V, Ip = 50A 
F 


Gate-Source Leakage Current 


On Resistance 


= 
rh 


Ri = 0.6Q, Vas = +10V 
Turn-On Delay Time 


| Reg = 3.62 


Rise Time 


[oe] 
N 


oO 
oO 


Turn-Off Delay Time 
Turn-Off Time 
Total Gate Charge Veg = 0 to 20V | Vpn = 48V, 
Ip = 50A, 
Gate Charge at 10V Veg = 0to 10V | R, = 0.962 
Threshold Gate Charge Ves =0to2V- 
Input Capacitance Vos = 25V, Ves = OV 
| = 1MHz 
Output Capacitance 
Reverse Transfer Capacitance 
Thermal Resistance Junction to Case F Rec | 
Thermal Resistance Junction to Ambient | Pan | 
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Source-Drain Diode Specifications 


PARAMETER SYMBOL TEST CONDITIONS | MIN, 
Forward Voltage Vsp | Isp = 50A . Lee 


TYP 


Reverse Recovery Time Isp = 50A, digp/dt = 100A/us 


= 
ol 
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RFG50N06, RFP50N06, RF1S50N06, RF1SSONO6SM 


Typical Performance Curves 
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Ip, DRAIN CURRENT (A) 


OPERATION IN THIS 
AREA MAY BE 
LIMITED BY TDS(ON) 
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Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 1. SAFE OPERATING AREA CURVE 


Ip, DRAIN CURRENT (A) 


Tc, CASE TEMPERATURE (°C) 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 


PULSE DURATION = 250us, Tc = +25°C 


Ip, DRAIN CURRENT (A) 
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45 6.0 7.5 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 
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FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 
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FIGURE 4. PEAK CURRENT CAPABILITY 
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FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFG50N06, RFP50N06, RF1S50N06, RF1SS5SONO6SM 


Typical Performance Curves (continued) 


"ps(on)» NORMALIZED ON RESISTANCE 


BVpss, NORMALIZED DRAIN-TO-SOURCE 


PULSE DURATION = 250us, Vgg = 10V, Ip = 50A | 
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Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED rpsion) VS JUNCTION 
TEMPERATURE 


BREAKDOWN VOLTAGE 
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FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN 
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VOLTAGE vs TEMPERATURE 
Ves = OV, f = 1MH 
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3000 


2000 


1000 
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FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE 
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THRESHOLD VOLTAGE — 
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FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE 


POWER DISSIPATION MULTIPLIER 
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FIGURE 10. NORMALIZED POWER DISSIPATION vs 
TEMPERATURE DERATING CURVE 


0.75 BVpss (0.75 BVpsg 
0.50 BVpss (0.50 BVpsgs 
0.25 BVpsg _—(0.25 BVpss 
Ry = 1.20 
lg(ner) = 1.45mA 


Vps, DRAIN-SOURCE VOLTAGE (V) 


IG(RE | Iq(reE 
(——— t, TIME (us) 80 
le(acty Ig(acty 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO 
APPLICATION NOTE AN7254 AND AN7260 
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Vs, GATE-SOURCE VOLTAGE (V) 


RFG50N06, RFP50N06, RF1S50N06, RF1SSONO6SM 


Typical Performance Curves (Continued) 


oe co 
< | 
5 100 
te STARTING T, = cise 
& “SHH i 
3 
uw 
Cc 
= io | STARTING T, = +150°C at Ne LL HE 
< ——=Ss58 a Se a | il 
< IfR=0 
2 tav = {L) (1 as) /(1.3 RATED BVpss - Vpp) 
i if Re #0 
1 
0.04 0.1 1 10 


tay, TIME IN AVALANCHE (msec) 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 


Test Circuits and Waveforms 


BVpss 


VARY tp TO OBTAIN 
REQUIRED PEAK igs 


Vas XQ | A ; 


Rg 


FIGURE 14. UNCLAMPED ENERGY WAVEFORMS FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT 
ton = — torr . Vop 
toon) | tp(OFF) 
tr te | 
Vps no 
10% 
90% 
Ves 50% N 50% 


‘|«<—_—————- PULSE WIDTH 


FIGURE 16. RESISTIVE SWITCHING WAVEFORMS FIGURE 17. RESISTIVE SWITCHING TEST CIRCUIT 
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RFG5SONO6, RFP50N06, RF1S50N06, RF1S5ONO6SM 


Temperature Compensated PSPICE Model for the 
RFG5ONO6, RFP50N06, RF1S50N06, RF1SS5ONO6SM 


.SUBCKT RFPSONOG 2 1 3 
REV 2/22/93 
* NOM TEMP = +25°C 


CA 12 8 3.68e-9 
CB 15 14 3.625e-9 
CIN 6 8 1.98e-9 


DBODY 7 5 DBDMOD 
DBREAK 5 11 DBKMOD 
DPLCAP 10 5 DPLCAPMOD 


EBREAK 11 7 17 18 64.59 
EDS 148581 

EGS 13868 1 
ESG610681 
EVTO 206 188 1 


IT8 171 


LDRAIN 2 5 1e-9 
LGATE 1 9 5.65e-9 


10 
. | DPLCAP RDRAIN 


‘ vTo | 
. dln 
GATE EVTO —l 


He 9 20 + @: 6 
LGATE RGATE s 


DBREAK 
MOS2 


| EBREAK( 


| RSOURCE 


DRAIN 
> 2 
LDRAIN 


A DBODY 
"1 
LSOURCE 


D3 
SOURCE 


LSOURCE 3 7 4.13e-9 42 eda gum char’ 45 
13 14 17 


MOS2 16 21 8 8 MOSMOD M=0.01 5 RVTO 


CA CB 
RBREAK 17 18 RBKMOD 1 + +n l4 


RDRAIN 5 16 RDSMOD 1e-4 EGS EDS ( 
RGATE 9 20 0.690 3 . Pia ir 
RIN 6 8 1e9 : 
RSOURCE 8 7 RDSMOD 12e-3 

RVTO 18 19 RVTOMOD 1 


RBREAK 
| 18 


S1A 6 12 13 8 S1AMOD 
S1B 13 12 13 8 S1BMOD 
S2A 6 15 14 13 S2ZAMOD 
S2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 0.678 


.MODEL DBDMOD D (IS=9.851e-13 RS=4.91e-3 TRS1=2.07e-3 TRS2=2.51e-7 CJO=2.05e-9 TT=4.33e-8) 
-.MODEL DBKMOD D (RS=1.98e-1 TRS1=-2.35e-3 TRS2=-3.83e-6) 

MODEL DPLCAPMOD D (CJO=1.42e-9 IS=1e-30 N=10) 

.MODEL MOSMOD NMOS (VTO=3.65 KP=35 IS=1e-30 N=10 TOX=1 L=1u W=1u) 
-MODEL RBKMOD RES (TC1=1.23e-3 TC2=-2.34e-6) 

.MODEL RDSMOD RES (TC1=5.01e-3 TC2=1.49e-5) 

.MODEL RVTOMOD RES (TC1=-5.03e-3 TC2=-5.16e-6) 

-.MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-6.75 VOFF=-2.5) 
-MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-2.5 VOFF=-6.75) 
-MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-2.7 VOFF=2.3) 
-MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=2.3 VOFF=-2.7) 


-ENDS 


NOTE: For further discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options; authors, William J. Hepp and C. Frank Wheatley. 
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| HARRIS RFP70NO03, RF1S70NO3, 
SEMICONDUCTOR RFEF1IS/ONO3SM 


70A, 30V, Avalanche Rated N-Channel 


December 1995 Enhancement-Mode Power MOSFETs 
Features Packages 
© 70A, 30V JEDEC bce 


© Toso = 0.0102 LH GATE 
* Temperature Compensating PSPICE Model GO; 
Peak Current vs Pulse Width Curve er Su, 


UIS Rating Curve (Single Pulse) (FLANGE) S<Z 
¢ +175°C Operating Temperature | 


JEDEC TO-262AA 
Description > DRAIN 
GATE 
The RFP70N03, RF1S70N03, and RF1S70NO3SM N-Chan- 
nel power MOSFETs are manufactured using the MegaFET DRAIN 
process. This process, which uses feature sizes approach- (FLANGE) 


ing those of LSI integrated circuits gives optimum utilization 
of silicon, resulting in outstanding performance. They were 
designed for use in applications such as switching regula- JEDEC TO-263AB 
tors, switching converters, motor drivers, relay drivers and 
emitter switches for bipolar transistors. These transistors can 
. . . > DRAIN 
be operated directly from integrated circuits. — ~— (FLANGE) 
PACKAGE AVAILABILITY SOURCE 


[PARTNUMBER [PACKAGE [BRAND 
[artsronoesm | Toasaas | Frsvong® | 


NOTE: When ordering use the entire part number. Add the suffix, 
9A, to obtain the TO-263AB variant in tape and reel, e.g. 
RF1S70NO3SM9A. 


Pi 
a Us 
tw & 
zo 
qg= 
<r 
zs 
fe] 
a. 


Symbol 


Formerly developmental type TA49025. Ss 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


RFP70NO3, RF1S70N03, 
RF1S70N03SM UNITS 


Drali-SOuUrce: VONAGG = ica scl es egret betas eke dale alae a See Saws eee Voss 30 V 
Drain-Gate VONAg6 ..66., 275s cua pers oN Ani eaten eagle awadeueeeus< VpcR 30 Vv 
GAIG-SOUICS VONAGE oe .ci5 i. ge tei et as Ne Re RE aed ao eh RAR RS ee oN Wa eae Ves +20 V 
Continuous Drain Current 
BMS COMUNUOUS «24 55.5:5.0 bt tis cae ene eax ote atlas aw ee ous Meee pene Aauee Ip 70 A 
Pulsed Drain Current ......... POE Pe eee Sere ee ee eee ee ee ee lpm 200 A 
Single Pulse Avalanche Rating .............. 0... cc cece cece teen ee eens Eas (Refer to UIS Curve) 
Power Dissipation 
Wie S420 Cine shat Ci Sg eg Oa aa a pw en wae oun’ Pp 150 — WwW 
Above T, =. +25°C, Derate Linearly............ co uaGes nats Beeman Rene es eagaee Py 1.0 WwPC 
Operating and Storage Junction Temperature Range ....................0005- Ty, Tstg -55 to +175 °C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 3404.2 
Copyright © Harris Corporation 1995 3-45 


Specifications RFP70N03, RF1S70N03, RF1S7ONO3SM | 


Electrical Specifications At Case Temperature (T,) = +25°C, Unless Otherwise Specified 


PARAMETERS =. -—s_ | SYMBOL | TEST CONDITIONS | MIN 
! = ORM, 2 


Drain-Source Breakdown Voliage 
Gate Threshoic Voltage 
Zero Gate Voltage Drain Current 


Gate-Source Leakage Current 


Turn-On Time 


Turn-On Delay Time | R, = 0.214Q, Veg = + 10V 


Rise Time Res = 2.52 


| Turn-Off Delay Time 
Fall Time | 
| Turn-Off Time 


i Total Gate Charge Vas = 0 to 20V 


Gate Charge at 10V Qer10} Ves = 0 to 10V 


Thermai Resistance Junction to Case 


Thermal Resistance Diode 
| Junction to Ambient 


PARAMETERS SYMBOL TEST CONDITIONS } MIN | TYP | MAX | UNITS 


Eo =< em Wea a HC De 
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RFP70N03, RF1S70N03, RF1S70NO3SM 


Typical Performance Curves 


CASE TEMPERATURE (Tc) = +25°C 


STARTING T, = +25°C 


< 
< 2 STARTING Ty = +150°C 
- oa 
z= c 
eT) p=) 
rs rs) 
5 OPERATION IN THIS = 
Oo AREA MAY BE oO 
z S 
ra d 
a > 
ra) < ifR= 
= a tay = by (Ins)/(1.3 x RATED BV pgs - IM 

< 

= IfR+0 EAL | | tue 

0 
0.01 0.10 1.0 10.0 
Vps; DRAIN-TO-SOURCE VOLTAGE (V) tay, TIME IN AVALANCHE (ms) 
FIGURE 1. SAFE-OPERATING AREA CURVE FIGURE 2. UNCLAMPED INDUCTIVE-SWITCHING 


i. 
hoot 
at 
< = 
E = 
2 = 
fe 5 
2 = 
z a 
cz a 
Q a 
£ rt 
= 
is) 
a 
0 25 #50 75 100 125 150 175 
Tc, CASE TEMPERATURE (°C) Tc, CASE TEMPERATURE (°C) 
FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs FIGURE 4. NORMALIZED POWER DISSIPATION vs TEMPERA- 
TEMPERATURE TURE DERATING CURVE 
PULSE DURATION = —= —— +25°C Vpp = 15V 
200 200 


’ 
PULSE TEST 

| PULSE DURATION = 2501s 1m, 
DUTY CYCLE = 0.5% MAX 


160 


Ip, DRAIN CURRENT (A) 
© 
ron) 
Ip(on)s ON STATE DRAIN CURRENT (A) 
© 
° 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) < Sica 5 SOURCE VOUARE we 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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N-CHANNEL 
POWER MOSFETs 


RFP7ONO3, RF1S70N03, RF1S70NO03SM 


Typical Performance Curves (continued) 


PULSE DURATION = 250us, Vgs = 10V, Ip = 70A 


'ps(on)» NORMALIZED ON RESISTANCE 


-80 -40 0 40 80 120 160 200 
T), JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED rpson) VS JUNCTION TEMPERATURE 


Ip = 250uA 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN 
VOLTAGE vs TEMPERATURE 


10! 


Lu 
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5 

a. 10°, — 

” 

te im 
2 ae 
S Ht 
to nr 

ZL nll oe aa 

~10° 

Oo 
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(<9) 
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4. DUTY FACTOR, D = ty/t, 


il 2. PEAK Ty = Poy x (Zoic) +Tc 


10° 104 10°3 10° 1071 10° 10! 


t, RECTANGULAR PULSE DURATION (s) 


FIGURE 11. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 


Ves = Vos; Ip = 250A 
2.0 


1.6 


VesctH) NORMALIZED 
GATE THRESHOLD VOLTAGE 


-80 -40 0 40 80 120 160 200 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE 


Ves = OV, FREQUENCY (f) = 1MHz 


C, CAPACITANCE (pF) 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 10. TYPICAL CAPACITANCE vs VOLTAGE 


30.0 10.0 


7.5 


5.0 


0.75BVpss 


Vps, DRAIN SOURCE VOLTAGE (V) 
a 
° 

Ves, GATE SOURCE VOLTAGE (V) 


0.50BVpss 0.50BVpss 
7.5 t= 2.5 
0.0 iN 0.0 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 
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RFP70NO03, RF1S70N03, RF1S70NO3SM 


Test Circuits and Waveforms 


BVpss 


VARY tp TO OBTAIN Re re 
REQUIRED PEAK Is = Vop 
Ves : 
t 
FIGURE 13. UNCLAMPED ENERGY WAVEFORMS FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT 
ton we torr Vpp 
toon) —— >| to(orF) 
tr te Ri 
V ' ” 
ei 90% HT 
Vos TT Li 
é Ves z o 
ov oO = 
% 90% z= 
Res 4 
J 50% X- 50% 
GS 
<— PULSE WIDTH 
10% = 
FIGURE 15. RESISTIVE SWITCHING WAVEFORMS FIGURE 16. RESISTIVE SWITCHING TEST CIRCUIT 
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RFP70NO03, RF1S70N03, RF1S70NO3SM 


PSPICE Model for the RFP70N03, RF1S70N03, RF1S70NO3SM 


SUBCKT RFP70N03 2 13: rev 9/16/92 
*NOM TEMP = 25°C 
CA 12 8 6.09e-9 
CB 15 14 6.05e-9 ‘ 5 ia 
CIN 6 8 3.406e-9 
DPLCAP RDRAIN LDRAIN 
DBODY 7 5 DBDMOD ESG (-) - PenEAK 
DBREAK 5 11 DBKMOD + VTO eats 
DPLCAP 10 5 DPLCAPMOD aan a ne cies 
9,,,.20 /18\_| 6 ak 1 
EBREAK 11 7 17 18 35.4 1¢ > MOS1 + 
EDS 148581 LGATE RGATE EBREAK €4) 
EGS 138681 RIN CIN 
ESG6 10681 3 |RSource| ; | Lsource 
EVTO 206 1881 >3 
SiAg  AS2A seca SOURCE 
IT8 171 wry | Te 7115 17 18 
8 13 
LDRAIN 25 16-9 SiGe. <y2ee RVTO 
LGATE 1 9 3.10e-9 43 
LSOURCE 37 1.82e-9 CA ca er (4) iT 19 
+ + - 
EGS EDS = VBAT 
MOS1 16688 MOSMOD M=0.99 : : ‘ 


MOS2 16 21 8 8 MOSMOD M=0.01 


RBREAK 17 18 RBKMOD 1 
RDRAIN 5 16 RDSMOD 30.7e-6 
RGATE 9 20 0.890 

RIN 6 8 169 

RSOURCE 8 7 RDSMOD 3.92e-3 
RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 
$1B 13 12 13 8 SiBMOD 
S2A 6 15 14 13 S2AMOD 
S$2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 0.605 


.MODEL DBDMOD D (IS=7.91e-12 RS=3.87e-3 TRS1=2.71e-3 TRS2=2.50e-7 CUO=4.84e-9 TT=4.51e-8) 
.MODEL DBKMOD D (RS=3.9e-2 TRS1=1.05e-4 TRS2=3.11e-5) 

.MODEL DPLCAPMOD D (CJO=4.8e-9 IS=1e-30 N=10) 

.MODEL MOSMOD NMOS (VTO=3.46 KP=47 IS=1e-30 N=10 TOX=1 L=1u W=1u) 
.MODEL RBKMOD RES (TC1=8.46e-4 TC2=-8.48e-7) 

.MODEL RDSMOD RES (TC 1=2.23e-3 TC2=6.56e-6) 

MODEL RVTOMOD RES (TC1=-3.29e-3 TC2=3.49e-7) 

-MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-8.35 VOFF=-6.35) 
MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-6.35 VOFF=-8.35) 
MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-2.0 VOFF=3.0) 
MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=3.0 VOFF=-2.0) 


.ENDS 


NOTE: For further discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options; written by William J. Hepp and C. Frank Wheatley. 
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FARRIS 


SEMICONDUCTOR 


December 1995 


RFG7ONO6, RFP7ONO6, 
RF1S70N06, RF1S7ONO6SM 


70A, 60V, Avalanche Rated, N-Channel 
Enhancement-Mode Power MOSFETs 


Features Packages 
EDEC STYLE TO-247 
© 70A, 60V tees 
® 'ps(on) = 0.0140 
¢ Temperature Compensated PSPICE Modei DRAIN 
¢ Peak Current vs Pulse Width Curve aes eras 


e UIS Rating Curve (Single Pulse) 
¢ +175°C Operating Temperature 


Description 


The RFG7ONO6, RFP7ONO06, RF1S70NO6 and RFIS7O0NO6SM 
are N-channel power MOSFETs manufactured using the Mega- } 
FET process. This process, which uses feature sizes approaching | 
those of LSI circuits, gives optimum utilization of silicon, resulting | 
in outstanding performance. They were designed for use in appli- | 
cations such as switching regulators, switching converters, motor | 
drivers and relay drivers. These transistors can be operated | 
directly from integrated circuits. 


PACKAGE AVAILABILITY 


| PART NUMBER PACKAGE BRAND : 
| RFG70NO06 | TO-247 | RFG7ONO6 


pe) 


JEDEC TO-220AB 


SOURCE 


JEDEC TO-262AA 

| RFP7ONO6 | TO-220AB RFP7ONO6 SOURCE 
4 DRAIN 
| RF1S70N06 TO-262AA | FIS7ONO06 DRAIN GATE 
(FLANGE) 

RF1S70NO6SM | TO-263AB F1S70N06 
NOTE: When ordering use the entire part number. Add the suffix, 9A, to 
obtain the TO-263AB variant in tape and reel, e.g. RFiS7ONO6SM9A. 
Formerly developmenial type TA49007. 
Symbol D JEDEC TO-263AB 

DRAIN 
G (FLANGE) 
S 
Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 
RFG7O0N06, RFP70N06 
RF1S70N06, RF1S70NO6SM UNITS 

Drain Source Voge e's 0 hi enon idee She ees bot goa Saleen Smee ee Voss 60 V 
Drain Gate Voltage....... A ae Gre witsa eee eer tae ie wok ae a VocrR 60 V 
Gale SOUICE VONAGE: Sint Gaile e ween bare wieule wives Pulee oa ceb Paw ews Ves +20 V 
Drain Current 

AMS GOminuous) 3) 65a arsine ek dy SSi ad De EO SG ORs gWale een meek se Ip 70 A 

PUISCO Dia CUNO cinco cede en ts eget Sean eae oe ee low Refer to Peak Current Curve 
Single Pulse Avalanche Rating ......... 0.0.0... c eee eee Eas Refer to UIS Curve 
Power Dissipation 

ie oe Oe ee ere gee tee eens ere Ak Cosh alg og wha ete ake Se Pp 150 W 

Derate abOVE S25 °C oboe rane eueee bod toe ie pa tiene th stone eck 1.0 WPC 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD handiing procedures. 
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File Number 3206.3 
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Specifications RFG70N06, RFP70N06, RF1S70N06, RF1S70NO6SM 


Electrical Specifications T, = +25°C, Unless Otherwise Specified — 


EN 
| | Gate Threshold Voltage r= = Vps, ip = 250nA ee 


| Toe +150°C 


| Zero Gate Voltage Drain Current 


[rons 
| ii = 0.430, Veg = +10V 
a 
femora |_| 
a 
a aS 
ae 
a 
= ae 


Input Capacitance | Vos = 25V, Ves = OV 
| f= 1MHz 


Output Capacitance 


| Reverse Transfer Capacitance 


| thermal Resistance Junction to ) Ambient aan Ee Pe ae 


Source-Drain Diode saispk lacie 


PARAMETER SYMBOL TEST CONDITIONS aed LK UNITS | 
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RFG7ONO6, RFP70NO06, RF1S70N06, RF1S70NO6SM 


Typical Performance Curves 


Te= = 425°C 


500 
peepee tats aman 


' HAN 0 A 


— mumene 
weet a Ht 


EE 

= H on Crt see* oan Co a 
= j a ul 0.5 Hh Sesto = see aes tt 
f= 100 SS SS SS SS See | ee a we 1 ——— p— 4p tt w 2 TL ae Stitt 
z SS ee 3 100us | NOG Sani manieee i ail at 
a ST : ao i eT a 
rd -_ — he | “ae In ommad meee wants 
> _.— 26 eee ee = y mal \ ite 
8 S86 a a 
Z m & j 7 i i | =< 4 ane es Sast}!inoeemeee i 
Ps 10 oe ee ee Hi a= 0.05 tt arnt 4 Setiiommt i 
Q et 10ms oatT) Naar il — ATT 1] 
a —— ee ne N = 0.024 "ae At oH timaatt f 
= eee } f | | 

OPERATION IN THIS “H v #1 00ms| bene Feil | 

AREA MAY BE | pss | [Spoc Leni! || NOTES: 

LIMITED BY rDs(ON) | I MAX = 60V i | oNGES PULSE tl | oy Hapa bia 3 ies | 

, } | 7 En nate J = Pom X Zouc + Te 
a 200 10° io 103 = 10% 40° 10° = 10! 


Vs, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 1. SAFE OPERATING AREA CURVE 


Ip, DRAIN CURRENT (A) 


100 


25 50 75 125 150 
Tc, CASE TEMPERATURE (°C) 
FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 
PULSE DURATION = 250us, Tp = +25°C 
200 | , 


oh 
2 
i=) 


120 | 


Ip, DRAIN CURRENT (A) 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 
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t, RECTANGULAR PULSE DURATION (s) 


FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 


1000 
iH FoR TEMPERATURES 


— 
iit] ABOVE +25°C DERATE PEAK 
Sn anit CURRENT AS FOLLOWS: 


‘il 
I= losl | 7507— 


low» PEAK CURRENT CAPABILITY (A) 


100 
AY Laan Gunnen Hi ms, ya 
IN THIS REGION mail 1 ma 
50 | cH UA 
10° 104 10°3 10°2 10°? 40° 407 
t, PULSE WIDTH (s) 

FIGURE 4. PEAK CURRENT CAPABILITY 

Vpp = 15V 


200 


Ipjony, ON-STATE DRAIN CURRENT (A) 


Vgs, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFG70NO06, RFP70N06, RF1S70N06, RF1S70NO6SM 


Typical Performance Curves (continued) 


PULSE DURATION = 250us, Vgg = 10V, Ip = 70A 


rps(ony NORMALIZED ON RESISTANCE 


0 40 80 120 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED rpsion vs JUNCTION 
TEMPERATURE 


Ip = 250uA 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED DRAIN-SOURCE BREAKDOWN 
VOLTAGE vs JUNCTION TEMPERATURE 


Vas = OV, FREQUENCY (f) = 1MHz 


C, CAPACITANCE (pF) 


10 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


15 


FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE 


Vesithy NORMALIZED GATE 
THRESHOLD VOLTAGE 


POWER DISSIPATION MULTIPLIER 


Ves = Vos: 'p = 250uA 


-40 0 40 80 120 


Ty, JUNCTION TEMPERATURE (°C) 


160 200 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
JUNCTION TEMPERATURE 


50 
Tc, CASE TEMPERATURE (°C) 


75 100 125 150 175 


FIGURE 10. NORMALIZED POWER DISSIPATION vs TEMPERA- 


Vps» DRAIN-SOURCE VOLTAGE (V) 


TURE DERATING CURVE 


Vop = BVoss | 


0.75 BVpsg 
0.50 BVpss 
0.25 BVnss 

R, = 0.862 

IG(REF) =2.2mA 

Ves = 10V 


Vas, GATE-SOURCE VOLTAGE (V) 


le (REF) 
G (ACT) 


: 
20 G (REF) 


j 80 
G(ACT) 


t, TIME (\s) 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
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CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 


RFG7ONO6, RFP70ON06, RF1S70N06, RF1S7ONO6SM 
Typical Performance Curves (continued) 


a0 ifR =0 
Lond tav = (L)(Ias)/(1.3*RATED BVpgg - Vpp) 


IfR+0 
tay = (UR) In [(lag*R)(1.3* RATED BVpsg-Vpp) +1] 
LY dueint 


sa — STARTING T, = +25°C 


Ui eal 
COSC 
i> <a 


10 aN 


tay TIME IN AVALANCHE (ms) 


las» AVALANCHE CURRENT (A) 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 
REFER TO HARRIS APPLICATION NOTES AN9321 AND AN9322 


Test Circuits and Waveforms 


Ci 

aul 
Vos Ld 
BVpss z O 

z= 
{c= 
a 
Ow 
VARY tp TO OBTAIN = 3 
REQUIRED PEAK las oO. 

Vas 
tp 
OV 
FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 
Vop ton torr 
t t 
AL D(ON) D(OFF) 
Vps 
Vos 90% 
Ves 
| | 10% 
ov : 
DUT . 90% 
Res y 
GS 50% 
PULSE WIDTH 
10% 
FIGURE 16. RESISTIVE SWITCHING TEST CIRCUIT FIGURE 17. RESISTIVE SWITCHING WAVEFORMS 
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RFG7ONOG, REE TONOG, BP TSTONCS, RFTSTONOGSM 


Tapas Banipenaaied PSPICE Model for the 
RFG7ONO6, RFP70N06, RF1S70N06, RF1S70NO6SM 


-SUBCKT RFG7ONO6 213; 


CA 12 8 5.56e-9 
CB 15 14 5.30e-9 
CIN 6 8 2.63e-9 


rev 3/20/92 


DPLCAP 5 
107— 
DBODY 7 5 DBDMOD 


DBREAK 511 DBKMOD 


: L1 
DPLCAP 10 5 DPLCAPMOD ekg 


+51 
ESCL 

3 -——4 59 

- RDRAIN 


RSCL2 3 


EBREAK 11 7 17 18 65.18 


RLGATE 


Polar ew 


IT 8 17 1 


LDRAIN 2 5 1e-9 
LGATE 1 9 3.10e-9 
LSOURCE 3 7 1.82e-9 


CIN 


MOS1 16 6 8 8 MOSMOD M=0.99 
MOS2 16 21 8 8 MOSMOD M=0.01 


RBREAK 17 18 RBKMOD 1 
RDRAIN 50 16 RDSMOD 4.66e-3 
RLDRAIN 2 5 10 

RGATE 9 20 1.21 

~RLGATE 1 9 31 + 
RIN 6 8 1e9 : 
RSOURCE 8 7 RDSMOD 3.92e-3 
RLSOURCE 3 7 18.2 

RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 

$1B 13 12 13 8 SiBMOD 
S2A 6 15 14 13 S2AMOD 
$2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 0.605 


RSOURCE | 


RLDRAIN 


hea 02 
DR 
LDRAIN = 


DBREAK 


DBODY 


MOS2 


RLSOURCE 


4 SOURCE 


LSOURCE 
RBREAK 


.MODEL DBDMOD D (IS = 7.91e-12 RS = 3.87e-3 TRS1 = 2.71e-3 TRS2 = 2.50e-7 CJO = 4.84e-9 TT = 4.51e-8) 


.MODEL DBKMOD D (RS = 3.9e-2 TRS1 =1.05e-4 TRS2 = 3.11e-5) 

MODEL DPLCAPMOD D (CUO = 4.8e-9 IS = 1e-30 N= 10) 

-MODEL MOSMOD NMOS (VTO = 3.46 KP = 47 IS = 1e-30 N=10 TOX=1 L=1tu We= tu) 
.MODEL RBKMOD RES (TC1 = 8.46e-4 TC2 = -8.48e-7) 

-MODEL RDSMOD RES (TC1 = 2.23e-3 TC2 = 6.56e-6) 

MODEL RVTOMOD RES (TC1 = -3.29e-3 TC2 = 3.49e-7) 

MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -8.35 VOFF= -6.35) 

MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -6.35 VOFF= -8.35) 

-MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -2.0 VOFF= 3.0) 

‘MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 3.0 VOFF= -2.0) 


ENDS 


NOTE: For further discussion of the PSPICE model, consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 


Temperature Options; written by William J. Hepp and C. Frank Wheatley. 
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FARRIS 


SEMICONDUCTOR 


ao 


RFF/ONO6 


25A7, 60V, Hermetically Packaged, Avalanche Rated 


December 1995 


Features 

25Ai+, 60V 

'ps(on) = 0-025 

Temperature Compensating PSPICE Model 


Peak Current vs Pulse Width Curve 
UIS Rating Curve 

+150°C Operating Temperature 
Reliability Screened 


Description 


The RFF7ONO6 N-Channel power MOSFETs are manufac- 
tured using the MegaFET process. This process, which uses 
feature sizes approaching those of LSI circuits gives opti- 
mum utilization of silicon, resulting in outstanding perfor- 
mance. They were designed for use in applications such as 
switching regulators, switching converters, motor drivers, 
and relay drivers. These transistors can be operated directly 
from integrated circuits. 


Reliability screening is available as either commercial or TX/ 
TXV equivalent of MIL-S-19500. Contact Harris Semicon- 
ductor High-Reliability Marketing group for any desired devi- 
ations from the data sheet. 


PACKAGE AVAILABILITY 


PART NUMBER PACKAGE BRAND 
RFF70N06 TO-254AA RFF70N06 


When ordering, use the entire part number. 


Formerly developmental type TA49007. 
Commercial Version: RFG70ONO6. 


Absolute Maximum Ratings T, = +25°C 


Drain Source Voltage 
Drain’ Gate VONAGEs acco vorewiioen eyo ht dns gate eee? ee acad 
Gate Source Voltage 
Drain Current 

RMS Conunuous: <6 ich ean oe tee een ee ee anaes Owe eee ls 

Pulsed Drain: Gurient.x o isu we iawohie Shae bee betes Se eas Rar 
Single Pulse Avalanche Rating 
Power Dissipation 

To = +25°C 


I 


Ce i 


CY 


i 


ee 


Operating and Storage Temperature 
Lead Temperature (During Soldering) ................... 0.2 e eae 
(Distance >0.063in. (1.6mm) from Case, 10s Max.) 


Cr 


+ Current is limited by the package capability. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow 
Copyright © Harris Corporation 1995 
pyrig p a267 


Symbol 


N-Channel Enhancement-Mode Power MOSFET 


Package 


JEDEC TO-254AA 


GATE 
SOURCE 


PACKAGE TAB 
(ISOLATED) 


CAUTION: Beryllia Warning per MIL-S-19500 
refer to package specifications. 


N-CHANNEL 
POWER MOSFETs 


RFF70NO06 
60 
60 
+20 


ae ee we ee we 
ee ee we me ee 


ee 6 ee ew ee he 


257 
Refer to Peak Current Curve 
Refer to UIS Curve 


Cr 
Cr 


re 


100 
0.80 
-55 to +150 
300 


ee 
Ce 
a ee ew we 


proper ESD Handling Procedures. 


4073.1 


File Number 


Specifications RFF70N06 


Electrical Specifications 1, =+25°C, Unless Otherwise Specified 


a 
acememee| Aes [oemvere fet || 
sorte | ang [ror verurama pe pp | 
Zero Gate Voltage Drain Current pTo=425°C | 
ae 


Gate-Source Leakage Current 


pan 
a 


rc 
5 


On Resistance 


ac: 


Turn-On Time 


Vp = 30V, Ip = 25A 


z 


Turn-On Delay Time toon) R, = 1.22, Veg = 10V 


Rise Time Res = 2.352 


tp(oFF) 


Turn-Off Delay Time 


Fall Time 


Turn-Off Time 


torr 
Total Gate Charge 


QertoT) Ves = 0 to 20V 
Gate Charge at 10V | Qe (10) | Ves =0 to 10V 
Threshold Gate Charge | Veg =0 to 2V 


Vos = 25V, Ves = OV 


QectH) 


Input Capacitance Ciss 


Output Capacitance = 1MHz 


Coss 


Ps) 
?) 


Reverse Transfer Capacitance _ Cregg 


Thermal Resistance 
Junction to Case 


Thermal Resistance 
Junction to Ambient 


Reva 


Source-Drain Diode Ratings and Specifications 


PARAMETER SYMBOL TEST CONDITIONS 


Vsp Isp = 25A 
Isp = 25A, digp/dt = 100A/us 
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RFF7ONO6 


Typical Performance Curves 


500 


100| 
< 
= 
a 
lad 
x 
x 
i] 
(9) 
Z 10 
= OPERATION IN THIS 
oa AREA MAY BE 
£ LIMITED BY Tos(ON) 

1 
Vos, DRAIN-70-SOURCE VOLTAGE (V) 
FIGURE 1. SAFE OPERATING AREA CURVE 

< 
- 
ae 
pen 
x 
x 
= 
Lo 
z 
gt 
ax 
fo) 
a) 


100 125 
Tc, CASE TEMPERATURE (°C) 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 


PULSE DURATION = 250us, T, = +25°C 


150 | 
125 | 
100 | 
75 


50 | 


ip, DRAIN CURRENT (A) 


25 Fg 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 


150 
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Zouc. NORMALIZED 
THERMAL RESPONSE 


DUTY FACTOR: 0 = tyity 
PEAK Ty = Pom x Zuc + Te 


104 


40°3 4072 10° 40° 101 
t, RECTANGULAR PULSE DURATION (s) 


FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 


: To= +25°C 
40° Tit _4ftinn 
ee FOR TEMPERATURES ABOVE +25°C 


a || | 
com ttn DERATe PEAK See 


——_—_—_—_ Se Se 


40 ES th 


1} a oe: at 1 a os a 11 aoe a ow w0 

tH ir 0h ea 
oe Te 

mest net THT SEBEs:,. meme ere 

E6 (||| ee i Sseat ai iii all! 


Transconpuctance HET TT 
MAY LIMIT CURRENT 
L_INTHIS REGION "Vos = 10V qi an a 


lpw, PEAK CURRENT CAPABILITY (A) 


Hi 


ee 108 40°3 102 10° 10° 10! 
t, PULSE WIDTH (s) 
FIGURE 4, PEAK CURRENT CAPABILITY 


Vpp = 15 


PULSE TEST 
PULSE DURATION = 250s 
DUTY CYCLE = 0.5% MAX 


Uff +150°C | 


iojon), ON STATE DRAIN CURRENT (A) 


0.0 2.0 4.0 6.0 8.0 


Vas, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 


ig & 
i 2a ® 
i>O 
<= 
(= cc 
,Ow 
iz 
© 
a. 


RFF7ONO6 


Typical Performance Curves (Continued) 


PULSE DURATION = 250us, Ves = 10V, ip = 25A 


'ps(on), NORMALIZED ON RESISTANCE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED rpsion) VS JUNCTION TEMPERA- 
TURE 


2.0 


= 
a 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 
> 


Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN 
VOLTAGE vs TEMPERATURE 


Ves = OV, FREQUENCY (f) = 1MHz 


C, CAPACITANCE (pF) 


10 
Vos, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE 


15 20 


Ves = Ving, Ip = 250 
20; gs = Vos: !p 


= A 
Q on 


THRESHOLD VOLTAGE 


VescrHy NORMALIZED GATE 
© 
a 


0 40 


80 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE 


120 


POWER DISSIPATION MULTIPLIER 


50 75 100 
Tc, CASE TEMPERATURE (°C) 


FIGURE 10. NORMALIZED POWER DISSIPATION vs TEMPERA- 
TURE DERATING CURVE 


150 


10.0 


Vps, DRAIN-SOURCE VOLTAGE (V) 
Vgg» GATE-SOURCE VOLTAGE (V) 


5.0 
iG(REF) = 1.0mA 
Ves =10V 
0.75BVpsg 0.75 BVpss 
0.50 BVpsg «0.50 BVpss 2.5 
0.25BVpsg _(0-25 BVpss 
0.0 
RE RE 
20 Picacho ill t, TIME (1s) 80 a 
Ieqact) lecact) 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO 
APPLICATION NOTE AN7254 AND AN7260 
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Typical Performance Curves (Continued) 
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hb. il 
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So 
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B50; ee oe 8 
Ht tinh 
<TH 7 wee 
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las, AVALANCHE CURRENT (A) 


0.01 0.1 1 10 100 1000 
tay, TIME IN AVALANCHE (ms) 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING. REFER TO 
HARRIS APPLICATION NOTES AN9321 AND AN9322 


Test Circuits and Waveforms 


” 
Vps a | tu 
a ue 
+O 
{c= 
=o 
VARY tp TO OBTAIN Ow 
REQUIRED PEAK las z 5 
tp 
ov 
FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORM 
Vop | ton torr 
to(on) to(OFF) 
Ri 
Vv 
sie 90% 
Vps 
Vas 10% 
| | DUT 
OV 90% 
Res Vas 50% 
PULSE WIDTH 
10% 
FIGURE 16. RESISTIVE SWITCHING TEST CIRCUIT FIGURE 17. RESISTIVE SWITCHING WAVEFORMS 
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Test Circuits and Waveforms (continued) 
10V 


Ve 


CHARGE ——> 


FIGURE 18. BASIC GATE CHARGE WAVEFORM 
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RFF7ONO6 


Temperature Compensated PSPICE Model for the RFF70N06 


SUBCKT RFF70NO6 213; rev 5/29/95 


CA 12 8 5.20e-9 
CB 15 14 5.20e-9 
CIN 6 8 2.80e-9 LDRAIN 


DPLCAP 5 
DBODY 7 5 DBDMOD 10 Ae eee 


DBREAK 5 11 DBREAKMOD 
DPLCAP 10 5 DPLCAPMOD RLDRAIN 
EBREAK 11 7 17 18 68.7 RSCL2 
EDS 1485 8 1 
EGS 13868 1 
ESG 6 106 8 1 
EVTHRESH 6 21 19 8 1 q 
EZTEMPCO 20 6 18 22 1 ea Q 
+ 


50 
RORAIN 


16 DBODY 


IT 8171 oy abies: 
LGATE EZTEMPCO 

LDRAIN 2 5 1e-9 eae 

LGATE 1 9 6.04e-9 


9 20 4 aN 6 
1¢ 
LSOURCE 3 7 2.24e-9 led RGATE >) 


RLGATE RIN 
MOS1 16 6 8 8 MSTRONG M=0.9 


MOS2 16 21 8 8 MWEAK M=0.01 


LSOURCE 
RSOURCE 


9 3 
RBREAK 17 18 RBREAKMOD 1 me SOURCE 
RDRAIN 50 16 RDRAINMOD 8.03e-< RLSOURCE 

RGATE 9 20 1 


sia gd saa 
RIN 6 8 1e9 12 73 4 15 is RBREAK “ 
RLDRAIN 25 10 - $8 

RLGATE 1 9 60.4 

RLSOURCE 3 7 22.4 18-9 S2B | RZTEMPCO 
RSCL1 5 51 RSCLMOD 1e-6 ie 13 «CB ” 
RSCL2 5 50 163 a Ae (ft) 

RSOURCE 8 7 RSOURCEMOD 7.20 

RTHRESH 22 8 RTHRESMOD 1 EGS ) EDS 6 


RZTEMPCO 18 19 RZTEMPCOMOD 


N-CHANNEL 
POWER MOSFETs 


S1A 6 12 13 8 SiAMOD RTHRESH 
$1B 13 12 13 8 SiBMOD 
S2A 6 15 14 13 S2AMOD 
. $2B 13 15 14 13 S2BMOD 


VBAT 22 19 DC 1 
ESCL 51 50 VALUE = {(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)/(1e-6*250),3))} 


MODEL DBDMOD D (IS = 1e-12 RS = 11.01e-3 TRS1 = 1.75e-3 TRS2 = -0.06e-6 CJO = 2.70e-9 TT =7.82e-8 M=0.45) 
MODEL DBREAKMOD D (RS = 88e-3 TRS1 = 1.50e-3 TRS2 = 0) 

MODEL DPLCAPMOD D (CJO = 2.60e-9 IS = 1e-30 N= 10 M=0.7) 

MODEL MSTRONG NMOS (VTO = 3.85 KP = 47.2 IS = 1e-30 N= 10 TOX=1L=1u W=1u) 
MODEL MWEAK NMOS (VTO = 3.09 KP = 47.2 IS = 1e-30 N=10 TOX=1L=1u W= 1u) 
MODEL RBREAKMOD RES (TC1 = 1e-3 TC2 = 0) 

MODEL RDRAINMOD RES (TC1 = 7e-3 TC2 = 1.90e-5) 

MODEL RDSOURCEMOD RES (TC1 = 1e-3 TC2 = 1e-6) 

MODEL RSCLMOD RES (TC1 =0 TC2 = 0) 

MODEL RTHRESHMOD RES (TC1 = -3.10e-3 TC2 = -1e-5) 

MODEL RZTEMPCOMOD RES (TC1 = -2.25e-3 TC2 = -5.75¢e-7) 

MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF =0.1 VON =-6.0 VOFF= -4.0) 

MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-4.0 VOFF= -6.0) 

MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-2.0 VOFF= 2.0) 

.MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 2.0 VOFF= -2.0) 


.ENDS 


NOTE: 


1. For further discussion of the PSPICE model, consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options; IEEE Power Electronics Specialist Conference Records, 1991. 
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RFF70N06 


Screening Information 


Screening is performed in accordance with the latest revision in effect of MIL-S-19500, (Screening Information Table). 


Delta Tests and Limits (JANTX/JANTXV Equivalent) 


OB 
a 


NOTES: 
1. Or 100% of Initial Reading (whichever is greater) . 
2. Of Initial Reading 


Screening Information 


JANTX/JANTXV EQUIVALENT 
a 
a 


PDA 
Pre Burn-in Test (Note 1) MIL-S-19500 Group A, 
| Subgroup 2 (All Static Tests at 25°C) 


Steady State Gate MIL-STD-750, Method 1042, Condition B 


Bias (Gate Stress) Ves = 80% of Rated Value, 
T, = 150°C, Time = 48 hours 


Interim Electrical Tests (Note 1) All Delta Parameters Listed in the Delta 
Tests and Limits Table 


Steady State Reverse MIL-STD-750, Method 1042, Condition A 
Bias (Drain Stress) Vps = 80% of Rated Value, 
Ta = 150°C, Time = 168 hours 


Final Electrical Tests (Note 1) MIL-S-19500, Group A, Subgroup 2 


NOTE: 
1. Test limits are identical pre and post burn-in. 


Additional Screening Tests 


Sc 
[ramon swe [te [Vawrowerovcame TT 
Thermal Impedance ty = 500ms; Vy = 25V; I = 4A 830 
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Data Packages - Harris Power Transistors 
TX and TXV Equivalents 
1. TX/TXV Equivalent - Standard Data Package 

A. Certificate of Compliance 

B. Assembly Flow Chart 

C. Preconditioning - Attributes Data Sheet 


D. Group A - Attributes Data Sheet 
E. Group B - Attributes Data Sheet 
F. Group C - Attributes Data Sheet 


2. TX/TXV Equivalent - Optional Data Package 
A. Certificate of Compliance 
B. Assembly Flow Chart 


C. Preconditioning - Attributes Data Sheet 
- Precondition Lot Traveler 
- Pre and Post Burn-Iln Read and Record 


Data 
D. Group A - Attributes Data Sheet 
- Group A Lot Traveler 
E. Group B - Attributes Data Sheet 


- Group B Lot Traveler 

- Pre and Post Read and Record Data for 
Intermittent Operating Life (Subgroup B3) 

- Bond Strength Data (Subgroup B3) 

- Pre and Post High Temperature Operating 
Life Read and Record Data (Subgroup B6) 


F. Group C - Attributes Data Sheet 
- Group C Lot Traveler 
- Pre and Post Read and Record Data for 
Intermittent Operating Life (Subgroup C6) 
- Bond Strength Data (Subgroup C6) 


N-CHANNEL 
POWER MOSFETs 
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P-CHANNEL POWER MOSFETs 
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P-CHANNEL POWER MOSFET DATA SHEETS 
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7“ 
RFD15P08, 15A, 50V, Avalanche Rated, P-Channel Enhancement-Mode Power MOSFETs............. 4-27 u rs 
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Ow 
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RF1S30PO6SM 
RFG60P03, 60A, 30V, Avalanche Rated, P-Channel Enhancement-Mode Power MOSFETs............. 4-51 
RFP60P03, 
RF1S60P03, 
RF1S60P03SM 
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IRFU9110, IRFR97110 


3.1A, 100V, Avalanche Rated, P-Channel 


December 1995 


Features 

¢ 3.1A, 100V 

* Ips(on) = 1-2002 

¢ Temperature Compensating PSPICE Model 
e Peak Current vs Pulse Width Curve 

UIS Rating Curve 


Description 


The IRFU9110 and IRFR9110 are advanced power MOS- 
FETs designed, tested, and guaranteed to withstand a spe- 
cific level of energy in the avalanche breakdown mode of 
operation. These are P-Channel enhancement-mode silicon 
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive 
power. These types can be operated directly from integrated 
circuits. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
IRFU9110 TO-251AA 1F9110 
IRFR9110 TO-252AA iF9110 


NOTE: When ordering, use the entire part number. Add the suffix 9A 
to obtain the TO-252AA variant in the tape and reel, i.e., IRFR91109A. 


Formerly developmental type TA17541. 


Enhancement-Mode Power MOSFETs 


Packaging 
JEDEC TO-251AA 


SOURCE 
DRAIN 


GATE 
DRAIN (FLANGE) 


JEDEC TO-252AA 


DRAIN (FLANGE) 


GATE « 


Symbol 


Absolute Maximum Ratings T, = +25°C 


Drain Source Voltage... 0... ccc eee entrees 


Drain Gate Voltage 


Drain Current 
RMS Continuous 


Single Pulse Avalanche Rating ........... 0... cece eee eee 


Power Dissipation 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
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Gate Source: Voltade ss cnccacsewi on ea ek Sinan reece Coosa ees 


ry 


Cr ee 


Operating and Storage Temperature... 1... 0... 0. . cece eee eee 
Soldering Temperature of Leads for 10s ...................2208. 


IRFU9110, IRFR9110 UNITS 
-100 V 
-100 V 
+20 V 


3.1 A 
Refer to Peak Current Curve 


Refer to UIS Curve 


25 W 
0.2 


-55 to +150 
260 
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File Number 
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Specifications IRFU9110, IRFR9110 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 
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ee ee 
Gate-to-Drain Charge | op 
Gate-to-Source Charge | Gas 
f = 1MHz 


Thermal Resistance 
Junction to Case 
Thermal Resistance Rosa 

Junction to Ambient 


Source-Drain Diode Specifications 
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IRFU9110, IRFR9110 


Typical Performance Curves 


Tec = +25°C 
-20 
ee See =e 
6 = a at mii a 
~~ i 
< ee) a ee : 
5 : 
ce ” 
ec WW 
bao ] ec 
© al 
z 71 3 
Fs x 
Ww 
a) OPERATION IN THIS F 
AREA MAY BE 8 
LIMITED BY rpsion) N 
-0.1 5; 
“1 -10 ~100 10°5 104 10° 10? 10" 10° 10! 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) t, RECTANGULAR PULSE DURATION (s) 
FIGURE 1. SAFE OPERATING AREA CURVE FIGURE 2. MAXIMUM TRANSIENT THERMAL IMPEDANCE 
Te = +25°C 
_ 30 FOR TEMPERATURES ABOVE 425°C 
= DERATE PEAK CURRENT 
= E CAPABILITY AS FOLLOWS: 
s a 
a 
& 10 ty 
e <q 
a oO mG 
| E ret eI TT 
2 « MMA, si ae = al te 
< e rr 
rs 3 1 A a 
oO b 4 : 
4 : met ee 
. MAY LIMIT CURRENT 
2 IN THIS REGION ill | 
~ ef 
10°5 104 10° 10? 10° 10! 
Tc, CASE TEMPERATURE (°C) t, PULSE WIDTH (2) 
FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs FIGURE 4. PEAK CURRENT CAPABILITY 
TEMPERATURE 
r PULSE DURATION = ra Te = +25°C __Vpp = -15V 
< 
5 PULSE TEST 
os wl PULSE DURATION = 2508 
< c DUTY CYCLE = 0.5% MAX 
E 3 
: : 
=z 
2 E 
3 i) 
r 5 
5 
0.0 -2.0 -4.0 6.0 8.0 -10.0 0.0 2.0  -4.0 -6.0 -8.0 -10.0 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) Vas, GATE-TO-SOURCE VOLTAGE (V) 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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IRFU9110, IRFR9110 


Typical Performance Curves (Continued) 


PULSE DURATION = 250us, Vgg = -10V, Ip =-3.1A 


rps(on), NORMALIZED ON RESISTANCE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED rpgion) Vs JUNCTION TEMPERATURE 


p = -250nA 


2.0 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN 
VOLTAGE vs TEMPERATURE 


Vas = OV, f = 1MHz 
400 = 


C, CAPACITANCE (pF) 
™ 
° 
3S 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE 


Vps, DRAIN-SOURCE VOLTAGE (V) 


Vas = Vps; Ip = -250nA 


Vescriy» NORMALIZED GATE 
THRESHOLD VOLTAGE 


"-80 -40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE 


POWER DISSIPATION MULTIPLIER 


0 25 50 75 100 125 150 
Tc, CASE TEMPERATURE (°C) 


FIGURE 10. NORMALIZED POWER DISSIPATION vs TEMPERA- 
TURE DERATING CURVE 


-100 -10.0 


bh 
=] 
Vgs, GATE-SOURCE VOLTAGE (V) 


0.0 


Io(RE 
29 t, TIME (us) 80 
Ig(act) 


IG(REF) 
Ig(act) 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO ~ 
APPLICATION NOTE AN7254 AND AN7260 


IRFU9110, IRFR9110 


Typical Performance Curves (Continued) 


las, AVALANCHE CURRENT (A) 


0.01 0.1 


-10 
Ce i 00 De A 


CONDITIONS: 
Vop = -25V, las = -3. 1A, 
- Ls 2imH, STARTING T, = 25°C 


tav = (L) (lag) / (1.3RATED BVpgg - Mh 
ffR+0 


1 10 


tay, TIME IN AVALANCHE (ms) 
FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 


Test Circuits and Waveforms 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


OV 


FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT 


Vpp 


Ri 


DUT 


FIGURE 16. RESISTIVE SWITCHING TEST CIRCUIT 


BVpss 


| tav 


FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 


ton torr 
toon) to(orF) 
te 


10% 


90% 


PULSE WIDTH 


FIGURE 17. RESISTIVE SWITCHING WAVEFORMS 
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IRFU9110, IRFR9110 


Temperature Compensated PSpice Model Listing for the IRFU9110, IRFR9110 
SUBCKT IRFU9110 2 1 3 REV 9/21/94 


CA 12 8 3.49e-10 : DPLCAP =5 . DRAIN 
CB 15 14.3.52e-10 7 LDRAIN- 
CIN 6 8 2.716-10 
DBODY 5 7 DBDMOD RSCL1 
DBREAK 7 11 DBKMOD eis 
DPLCAP 10 6 DPLCAPMOD é 

ESCL 


EBREAK 5 111718 -131.4 : : EBREAK(4,) 

EDS 14858 1 
RDRAIN 

EGS 138681 | esa(®) 

ESG5 10861 _VTO , 

EVTO 2068 181 eee EVTO li = Mos2 ,,| 


9 20 */18\~ 

IT8171 1¢ = MOS1 DBREAK 
LGATE RGATE 6 

LDRAIN 25 1e-9 RIN CIN 

LGATE 1 9 2.9e-9 8 RSOURCE 

LSOURCE 3 7 2.9e-9 


DBODY 


LSOURCE 


> 3 
SOURCE 


MOS1 16 6 8 8 MOSMOD M=0.99 
MOS2 16 21 8 8 MOSMOD M=0.01 RBREAK 

17 18 
RBREAK 17 18 RBKMOD 1 
RDRAIN 50 16 RDSMOD 497e-3 
RGATE 9 20 2.68 

RIN 6 8 1e9 

RSCL1 5 51 RSCLMOD 1e-6 
RSCL2 5 50 163 

RSOURCE 8 7 RDSMOD 348e-3 
RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 
SiB 13 12 13 8 S1BMOD 
S2A 6 15 14 13 S2AMOD 
$2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 -0.9 


ESCL 51 50 VALUE={(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1e6/6.3,6))} 


.MODEL DBDMOD D (IS=1.23e-14 RS=8.74e-2 TRS1=-1.95e-3 TRS2=-9.30e-6 CJO=3.72e-10 TT=1.45e-7) 
MODEL DBKMOD D (RS=2.76 TRS1=8.39e-4 TRS2=-1.87e-5) 

MODEL DPLCAPMOD D (CJO=1.31e-10 IS=1e-30 N=10) 

.MODEL MOSMOD PMOS (VTO=-3.68 KP=0.98 IS=1e-30 N=10 TOX=1 L=1u W=1u) 
.MODEL RBKMOD RES (TC1=7.25e-4 TC2=2.03e-6) 

.MODEL RDSMOD RES (TC1=6.95e-3 TC2=3.07e-5) 

MODEL RSCLMOD RES (TCi=1e-3 TC2=0) 

MODEL RVTOMOD RES (TC1=3.46e-3 TC2=5.67e-6) 

“MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=5.03 VOFF=3.03) 
MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=3.03 VOFF=5.03) 
.MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-0.30 VOFF=-5.30) 
MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-5.30 VOFF=-0.30) 


.ENDS 


NOTE: For further discussion of the PSPICE model, consult A New PSPICE Sub-Circuit for the Power MOSFET Featuring Global 
Temperature Options; written by William J. Hepp and C. Frank Wheatley. 


a HARRIS [RFU9T20, IRFRI120 


5.6A, 100V, Avalanche Rated, P-Channel 


December 1995 | Enhancement-Mode Power MOSFETs 
Features Package 
e 5.6A, 100V JEDEC TO-251AA 
* Tyson) = 0.6002 SOURCE 


¢ Temperature Compensating PSPICE Model 
e Peak Current vs Pulse Width Curve 


e UIS Rating Curve 


Description DRAIN (FLANGE) 
The IRFU9120 and IRFR9120 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specific level JEDEC TO-252AA 


of energy in the avalanche breakdown mode of operation. 
These are P-Channel enhancement-mode silicon gate power 
field-effect transistors designed for applications such as switch- 
ing regulators, switching converters, motor drivers, relay driv- GATE « 
ers, and drivers for high-power bipolar switching transistors < 
requiring high speed and low gate-drive power. These types SOURCE 
can be operated directly from integrated circuits. 


PACKAGE AVAILABILITY 


PART NUMBER ) PACKAGE | BRAND 
IRFU9120 TO-251AA 1F9120 
IRFR9120 TO-252AA 1F9120 


NOTE: When ordering use the entire part number. Add the suffix 9A 
to obtain the TO-252AA variant in tape and reel, e.g., IRFR91209A. G 


DRAIN (FLANGE) 


Symbol 


P-CHANNEL 
POWER MOSFETs 


Formerly developmental type TA17501. 


Absolute Maximum Ratings T, = +25°C 


IRFU9120, IRFR9120 UNITS 
Draly Source Voltage’ scent na cui is doe Ne whee sass beee boas oes Voss -100 V 
Drain Gate Voltages osuvsc heeds evaw eta Gach eee ds Yeu seas aaew oe VpcR -100 V 
Gate Source: V ollage «soins oS dee Veena Nee aad eae nedeles Ves +20 V 


Drain Current 
FMS COMMNDOUS iis inc8 ocd nba Bu Boe ween eartes watawonen sata kates nate ed Ip 5.6 A 
PUSS DIAN CUEING (sone eng Ait eae wae od eed ebay ede aise lom Refer to Peak Current Curve 


Single Pulse Avalanche Rating ............. cece eee eee ee eee eee e teens Eas Refer to UIS Curve 


Power Dissipation 
2G ot te aah hea weak ain oh eA eae ae Pp 42 Ww 
Derate above '$25°C 5 cc hin. hae eo KAD ed EMO eA Ged pad ON OWE Eee oe OER 0.33 WC 


Operating and Storage Temperature ........ 0.00.0. . cece eee eee eee Tstaq@ Ty -55 to +150 °C 
Soldering Temperature of Leads for 10S .... 0... eee eee ee ees Th 260 °C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 3987.2 
Copyright © Harris Corporation 1995 4-9 


Specifications IRFU9120, IRFR9120 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


[raranerens [moor [vesveonorens | t_ 
Drain-Source Breakdown Voltage 
Gate Threshold Voltage ) 
Zero Gate Voltage Drain Current 

Ves = t20V 


Ip = 3.4A, Veg = -10V 


Vop = -50V, Ip = 6.8A 
R, = 7.19, Veg = -10V 
Res =182 


Gate-Source Leakage Current 


On Resistance | tbsoM 


Turn-On Time | ton 
Turn-On Delay Time 


Rise Time 
Turn-Off Delay Time to(oFF) 


Fall Time 


N 
Turn-Off Time 


lo 
t 
lo 


Total Gate Charge 


Ss S =) 


Ves = OV to -10V Vop = -80V, 


Vos = -25V, Veg = OV 
f = 1MHz 


= 


Gate-to-Drain Charge 


Gate-to-Source Charge | Qos | 

input Capacitance 

Output Capacitance 

Reverse Transfer Capacitance 
— 
A 


7a 


= 
N 
o 
Ti 


Tn 


Thermal Resistance Rey 
Junction to Case 

Thermal Resistance Roy 
Junction to Ambient 


Source-Drain Diode Specifications 


PARAMETERS SYMBOL TEST CONDITIONS 


Forward Voltage 
Reverse Recovery Time 


Reverse Recovery Charge 
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IRFU9120, IRFR9120 


Typical Performance Curves 
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Vps, DRAIN-TO-SOURCE VOLTAGE (V) 
FIGURE 1. SAFE OPERATING AREA CURVE 
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« 
ec 
p= | 
oO 
= 
< 
ac 
Q 
2 


Tc, CASE TEMPERATURE (°C) 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 


PULSE DURATION = 250ys, Tc = +25°C 


Ip, DRAIN CURRENT (A) 
1) 


0.0 -2.0 4.0 6.0 -8.0 -10.0 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 


0 a ee 
: vt 
, de “al 
a oer Loa te) 


0.1 


Zo THERMAL RESPONSE (°C/W) 


0.01 
10° 104 10° 10° 10°! 10° 10! 


t, RECTANGULAR PULSE DURATION (s) 
FIGURE 2. MAXIMUM TRANSIENT THERMAL IMPEDANCE 


-10? Gs | ee 


Fit FOR TEMPERATURES ABOVE +25°C 
iT DERATE PEAK CURRENT 
CAPABILITY AS FOLLOWS: 


ao 0 
| | TRANSCONDUCTANCE TT ith 


gi MAY LIMIT CURRENT 
-10° 


lpm, PEAK CURRENT CAPABILITY (A) 


IN THIS REGION 


105 104 103 10°72 10°77 10° 401 
t, PULSE WIDTH (ms) 


FIGURE 4. PEAK CURRENT CAPABILITY 


PULSE TEST 
PULSE DURATION = 250ys 
DUTY CYCLE = 0.5% MAX 


THE 
TT 


0.0 -2.0 4. 6.0 -8.0 -10.0 
Vgs, GATE-TO-SOURCE VOLTAGE (V) 


9 


3 


ID(on)» ON STATE DRAIN CURRENT (A) 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 


P-CHANNEL 
POWER MOSFETs 


IRFU9120, IRFR9120 


Typical Performance Curves (Continued) 


Sie PULSE DURATION = 250us, Vgs = -10V, Ip = -5.6A Ves = Vos, Ip = -2501A 
2.0 


ob 
on 


rps(on) NORMALIZED ON RESISTANCE 
Vestn) NORMALIZED GATE 
THRESHOLD VOLTAGE 
oO 


Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED rpsion) VS JUNCTION FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE TEMPERATURE 


Ip = -250nA 
2.0 


-_- 
on 


BREAKDOWN VOLTAGE 
mn S 
POWER DISSIPATION MULTIPLIER 


BVpss, NORMALIZED DRAIN-TO-SOURCE 


80-40 0 40 80 120160 0 25 50 75 100 125 150 
Ty, JUNCTION TEMPERATURE (°C) Tc, CASE TEMPERATURE (°C) 


FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN FIGURE 10. NORMALIZED POWER DISSIPATION vs TEMPERA- 
VOLTAGE vs TEMPERATURE TURE DERATING CURVE 


Ves = OV, f = 1MHz 


= 
° 
=) 


-60 L, ; Iq(REF) = ; -6.0 
Ves = -10V 


0.50 BVpssg 0.50 BVpss 
0.25 BVpss 0.25 BVoss 


C, CAPACITANCE (pF) 
Vps, DRAIN-SOURCE VOLTAGE (V) 


Vgs, GATE-SOURCE VOLTAGE (V) 


0.0 
l i 
Peat ce at = = 20 TIME (us) Oo 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) Ie(act) a Ie(act) 
FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 


CONSTANT GATE CURRENT. REFER TO 
APPLICATION NOTE AN7254 AND AN7260 
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IRFU9120, IRFR9120 


Typical Performance Curves (Continued) 


Eas = 210md 

CONDITIONS: 

Vpp = -25V, Ing = -5.6A, 

L{L= 10mH, STARTING T, = 25°C 


tie STARTING T, = +25°C 


tas, AVALANCHE CURRENT (A) 


tay = (L) (las) / (1.3 RATED BVpgz - een 
lfR #0 


tay, TIME IN AVALANCHE (ms) 
FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 


Test Circuits and Waveforms 


V 
on BVpss 


2 
VARY tp TO OBTAIN TT TT 
REQUIRED PEAK Ins 2 3 
< = 
OV F Ss) TT 
p a. 3 
oO. 
“Vas 
FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 
Vpp * ton torr 
toon) to(oFF) 
Ri ‘. 
10% 
Vps 
ov Vos 90% 
| | Ves 
Vos Res DUT 
50% 
PULSE WIDTH ft 
— 90% 


FIGURE 16. RESISTIVE SWITCHING TEST CIRCUIT FIGURE.17. RESISTIVE SWITCHING WAVEFORMS 
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IRFU9120, IRFR9120 


Temperature Compensated PSPICE Model for the IRFU9120, IRFR9120 


.SUBCKT IRFU9120 2 1 3 


CA 12 8 618.9e-12 
CB 15 14 633.9e-12 
CIN 6 8 441.1¢-12 


DBODY 5 7 DBDMOD 
DBREAK 7 11 DBKMOD 
DPLCAP 10 6 DPLCAPMOD 


EBREAK 5 11 17 18 -127.38 
EDS 148581 

EGS 138681 

ESG5 10861 

EVTO 2068 181 


IT 8171 


LDRAIN 2 5 1e-9 
LGATE 1 9 2.609e-9 
LSOURCE 3 7 2.609e-9 


MOS1 16 6 8 8 MOSMOD M=0.99 
MOS2 16 21 8 8 MOSMOD M=0.01 


RBREAK 17 18 RBKMOD 1 
RDRAIN 50 16 RDSMOD 245.6e-3 
RGATE 9 20 2.69 

RIN 6 8 1e9 

RSCL1 5 51 RSCLMOD ie-6 
RSCL2 5 50 1e3 


REV 9/16/94 


LDRAIN 
10 9 2 


DPLCAP DRAIN 


RSCL2 . 


ee DBODY 
EVTO | - MOSs2 


18 11 
1 LGATE 20\5, 6 MOS1 


GATE s RGATE 


RIN CIN DBREAK 


8 RSOURCE LSOURCE 3 


eo 


7 
SiAQ Osea SOURCE 


BREA 
12 775 14 15 wz * . 


6 £4 


CA S1B § » S2B 
13 


RSOURCE 8 7 RDSMOD 123.96e-3 

RVTO 18 19 RVTOMOD 1 CB (4) by 
+ + 14 

S1A 6 12 138 SIAMOD EGS CF) EDS =) 

S1B 13 12 13 8 S1BMOD - - + 

S2A 6 15 14 13 S2AMOD 

S2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 -0.77 


ESCL 51 50 VALUE={(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)"1e6/13.2,6))} 


.MODEL DBDMOD D (IS=5.1e-14 RS=9.4e-2 TRS 1=-2.2e-3 TRS2=-5.2e-6 CUO=6.43e-10 TT=9.7e-8) 
.MODEL DBKMOD D (RS=1.45 TRS1=3.84e-4 TRS2=-9.83e-6) 

-MODEL DPLCAPMOD D (CJO=235e-12 IS=1e-30 N=10) 

.MODEL MOSMOD PMOS (VTO=-3.49 KP=1.58 IS=1e-30 N=10 TOX=1 L=1u W=1u) 
.MODEL RBKMOD RES (TC1=1.01e-3 TC2=1.05e-6) 

.MODEL RDSMOD RES (TC1=6.23e-3 TC2=1.23e-5) 

.MODEL RSCLMOD RES (TC1=2.05e-3 TC2=-0.35e-5) 

-.MODEL RVTOMOD RES (TC1=-3.46e-3 TC2=3.33¢e-7) 

.MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=6.3 VOFF=4.3) 

.MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=4.3 VOFF=6.3) 

.MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=1.0 VOFF=-4.0) 

.MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-4.0 VOFF=1.0) 


-ENDS 


NOTE: For further discussion of the PSPICE model, consult A New PSPICE Sub-Circuit for the Power MOSFET Featuring Global 
Temperature Options; written by William J. Hepp and C. Frank Wheatley. 
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Gy FARRIS 


SEMICONDUCTOR 


IRFR9220, 


IRFU9220 


3.6A, 200V, Avalanche Rated, P-Channel 


December 1995 Enhancement-Mode Power MOSFETs 
Features Packages 
e 3.6A, 200V JEDEC TO-251AA 


e DS(ON) = 1.500Q 
e Temperature Compensating PSPICE Model 
e Peak Current vs Pulse Width Curve 


e UIS Rating Curve 


Description 


The IRFU9220 and IRFR9220 are advanced power MOS- 
FETs designed, tested, and guaranteed to withstand a spe- 
cific level of energy in the avalanche breakdown mode of 
operation. These are P-Channel enhancement-mode silicon 
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive 
power. These types can be operated directly from integrated 
circuits. 


SOURCE 


DRAIN (FLANGE) 


JEDEC TO-252AA 


DRAIN (FLANGE) 


” 
j= 
| PACKAGE AVAILABILITY _ Wi 
TT LL. 
PART NUMBER PACKAGE BRAND Symbol S o 
, ; , , < 
IRFU9220 TO-251AA | 1F9220 o ro 
Oo Lu 
IRFR9220 TO-252AA IF9220 a 3 
NOTE: When ordering use the entire part number. Add the suffix 9A G = 
to obtain the TO-252AA variant in tape and reel, e.g., IRFR92209A. 
Formerly developmental type TA17502. 
Ss 
Absolute Maximum Ratings T, = +25°C 
IRFU9220, IRFR9220 UNITS 
DraliSOurce: VOlade su s.i8a5 peor eee te tele eet ee cee aeons Voss -200 V 
Drain Gale VONAde s14 nckati viene toe head h tata Chee Ee AS aes Voar -200 V 
Gate Source: Voltage: <x: .f cated ae eta ab aves eed BeBe Boake Deed sed +20 V 
Drain Current 
AMS COnUunuOUS 25 <b eee oie Cae eee mera eee ee ae as ae oe 3.6 A 
Pulsed Drain CUneNE isc 4.2 5 i yet a ee eens oo eae eee eas Refer to Peak Current Curve 
Single Pulse Avalanche Rating ................. aie a imaies A aren ee ae Sle Refer to UIS Curve 
Power Dissipation 
Tee 425 Cush hecerscetresd lane eieanaou ater ana eeeusy. ones 42 WwW 
Derateabove: 425° OAs < ew hale hoe Se peta die tee RUE Pee aoe 0.33 WC 
Operating and Storage Temperature. .... 2.0... 0.0.20 cece eee eee Tsta: Ty -55 to +150 "GC 
Soldering Temperature of Leads for 10S ............. cee ee eee 260 °C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 


Copyright © Harris Corporation 1995 
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| File Number | 4015.1 


Specifications IRFR9220, IRFU9220 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX — UNITS 


severe | See dorm et 

Voltage . 
ce a 

: 


| Zero Gate Voltage Drain Current 


3 
> 


Gate-Source Leakage Current 


On Resistance 


TDS(ON) Ip = 2.2A, Vas =-10V 


Turn-On Time ton Vop = -100V, lp =3.9A 
R, = 240, Veg = -10V 
Res = 182 


© 


Turn-On Delay Time to(on) 


nN 
NI 


Rise Time 
Turn-Off Delay Time to(OFF) 


Fall Time 


| Turn-Off Time 


So” 


o> 


FF 


.?) 


Total Gate Charge | 


Vas = 0 to -10V 


3 
QO 


Gate-to-Drain Charge 


3 
O 


Gate-to-Source Charge Qes 


Input Capacitance Vos = -25V, Veg = OV 


f = 1MHz 


Ciss 


Output Capacitance Coss 


| Reverse Transfer Capacitance 
Thermal Resistance Rec 
Junction to Case | . 
Thermal Resistance Raa °C/W 
Junction to Ambient 

Source-Drain Diode Specifications 


PARAMETERS SYMBOL TEST CONDITIONS | win | TYP | MAX — UNITS 


Reverse Recovery Time Isp = -3.6A, digp/dt = -100A/is 


Reverse Recovery Charge pee 


= wo 


a?) 


Bo) Bo) Ss 
mn a Tl 


°C/W 
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IRFR9220, IRFU9220 


Typical Performance Curves 


Te = +25°C 
-20 
-10 soc 
< 
fe 
= 
Lu 
a 
cc 
ae] 
Oo 
=z | es 
< 
« 
= 
2 OPERATION IN THIS 
AREA MAY BE 
LIMITED BY DS(ON) 
-0.1 


“1 10 -100 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 1. SAFE OPERATING AREA CURVE 


Ip, DRAIN CURRENT (A) 


Tc, CASE TEMPERATURE (°C) 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 


PULSE DURATION = 250us, Tc = +25°C 


Ip, DRAIN CURRENT (A) 


Vps,; DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 
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DUTY FACTOR: D = ty/to 
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FIGURE 2. MAXIMUM TRANSIENT THERMAL IMPEDANCE 


To = +25°C 


FOR TEMPERATURES ABOVE +25°C 
DERATE PEAK CURRENT 


10°3 10° 1077 
t, PULSE WIDTH (s) 


I 
TRANSCONDUCTANCE 
MAY LIMIT CURRENT 
IN THIS REGION 


low, PEAK CURRENT CAPABILITY (A) 


P-CHANNEL 
POWER MOSFETs 


10! 


FIGURE 4. PEAK CURRENT CAPABILITY 


PULSE TEST 
PULSE DURATION = 250us 
DUTY CYCLE = 0.5% MAX 


Ip(on)» ON STATE DRAIN CURRENT (A) 


-4.0 
Vgs, GATE-TO-SOURCE VOLTAGE (V) 


-5.0 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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IRFR9220, IRFU9220 


Typical Performance Curves (continued) 


rps(on»» NORMALIZED ON RESISTANCE 


PULSE DURATION = 2508, Vgg = -10V, Ip = -3.9A Ves = Vos: Ip = 250nA 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED rpsion) VS JUNCTION 


BVpss, NORMALIZED DRAIN-TO-SOURCE 


FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN 


C, CAPACITANCE (pF) 


BREAKDOWN VOLTAGE 


TEMPERATURE 


2.0 


_ 
ao 


1.0 


Ty, JUNCTION TEMPERATURE (°C) 


VOLTAGE vs TEMPERATURE 


Ves = OV, f = 1MHz 


0 5 -10 -15 -20 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE 


Vasc NORMALIZED GATE 
THRESHOLD VOLTAGE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE 


POWER DISSIPATION MULTIPLIER 


0 25 50 75 100 125 150 
Tc, CASE TEMPERATURE (°C) 


FIGURE 10. NORMALIZED POWER DISSIPATION vs TEMPERA- 
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FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO 
APPLICATION NOTES AN7254 AND AN7260 
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IRFR9220, IRFU9220 


Typical Performance Curves (continued) 


-10 


las, AVALANCHE CURRENT (A) 


0.01 0.1 1 10 
tay, TIME IN AVALANCHE (ms) 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 


Test Circuits and Waveforms 


Vos BVpss 


“ 
VARY tp TO OBTAIN F 
REQUIRED PEAK Ias 7 u. 

= 
2° 
ov <= 
tp O wl 
a8 
“Ves 7 

FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 
Vpp ton : torr 
toon) to(orr) 
Rr, _ 
10% 
Vps 
ov Vos 90% 
| | Ves 
"Ves Res DUT 
50% 
PULSE WIDTH 
— 90% 
FIGURE 16. RESISTIVE SWITCHING TEST CIRCUIT FIGURE 17. RESISTIVE SWITCHING WAVEFORMS 
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IRFR9220, IRFU9220 
Temperature Compensated PSPICE Model for the [RFU9220, IRFR9220 


SUBCKT IRFU9220 2 1 3 REV 9/6/94 


CA 12 8 723e-12 
CB 15 14 733e-12 
CIN 6 8 517e-12 


DBODY 5 7 DBDMOD RLDRAIN 
DPLCAP 

DBREAK 5 11 DBKMOD | a ? , DRAIN 

DPLCAP 10 6 DPLCAPMOD | 


LDRAIN 
EBREAK 7 111718 -244.4 RSCL2 RSCL1 


EDS 148581 +51 DBREAK 
EGS 138681 

ESG 5 10861 =) ESCL 

EVTO 2068181 - 50 


ESG +) 11 


LDRAIN 25 1e-9 _vTo , 

LGATE 1 9 2.609e-9 Re, Bae ENTO lI = MOS2 
LSOURCE 37 2.609e-9 eae ee AN 6 

MOS1 166 8 8 MOSMOD M=0.99 Lene. | 


RBREAK 17 18 RBKMOD 1 ae biooeaaas Gs ae +3 


SOURCE 


RDRAIN 50 16 RDSMOD 1.194 
RGATE 9 20 2.17 

RIN 6 8 169 LSOURCE 
RLDRAIN 2 5 10 | SIA ¢  S2A 

RLGATE 1 9 26.09 12 [O55 74 15 7. TeEAR 
RLSOURCE 3 7 26.09 = 7 

RSCL1 5 51 RSCLMOD 1e-6 : 
RSCL2 5 50 1¢3 13 RVTO 
RSOURCE 8 7 RDSMOD 90.1e-3 CB 

RVTO 18 19 RVTOMOD 1 CA (4) i 19 


S1A6 12 13 8 S1AMOD EGS CF) EDS GF) = vBAT 
S1B 13 12 13 8 SIBMOD - - 

S2A 6 15 14 13 S2AMOD 

S2B 13 15 14 13 S2CBMOD 


VBAT 8 19 DC 1 
VTO 216 -0.77 


ESCL 51 50 VALUE={(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1e6/4.6,6))} 


.MODEL DBDMOD D (iS=2.56e-14 RS=8.09e-2 TRS1=-2.45e-3 TRS2=-1.33e-5 CJO=4.21e-10 TT=1.17e-7) 
.MODEL DBKMOD D (RS=5.07 TRS1=-1.05e-3 TRS2=1.28e-5) 

.MODEL DPLCAPMOD D (CJO=170e-12 IS=1e-30 N=10) 

.MODEL MOSMOD PMOS (VTO=-3.58 KP=1.38 IS=1e-30 N=10 TOX=1 L=1u W=1u) 
.MODEL RBKMOD RES (TC1=1.1e-3 TC2=-2.73e-6) 

.MODEL RDSMOD RES (TC1=6.95e-3 TC2=2.23e-5) 

.MODEL RSCLMOD RES (TC1=2.40e-3 TC2=-1.5e-5) 

.MODEL RVTOMOD RES (TC1=-3.27e-3 TC2=-1.33e-6) 

.MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=5.29 VOFF=3.29) 
-MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=3.29 VOFF=5.29) 
.MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=0.1 VOFF=-4.9) 

.MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-4.9 VOFF=0.1) 


.ENDS 


NOTE: For further discussion of the PSPICE model, consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global Tem- 
perature Options; written by William J. Hepp and C. Frank Wheatley. 
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tae FARRIS RFD8&POG6GE, RFD&PO6GESM, 
SEMICONDUCTOR RFP8P0O6E 


8A, 60V, ESD Rated, Avalanche Rated, P-Channel 


December 1995 Enhancement-Mode Power MOSFETs 
Features Packages 
e 8A, 60V JEDEC TO-220AB 
© Tyson) = 0.3002 SOURCE ; ue DRAIN 


¢ Temperature Compensating PSPICE Model <o8 
* 2kV ESD Protected | Ss GE 
° DRAIN Ss 
Peak Current vs Pulse Width Curve (FLANGE) TA 
e UIS Rating Curve 
Description JEDEC TO-251AA 


The RFD8PO6E, RFD8PO6ESM and RFP8PO6E P-Channel 
power MOSFETs are manufactured using the MegaFET pro- 
cess. This process, which uses feature sizes approaching those 
of LSI integrated circuits gives optimum utilization of silicon, 
resulting in outstanding performance. They were designed for 
use in applications such as switching regulators, switching con- 
verters, motor drivers, relay drivers and emitter switches for bipo- 
lar transistors. These transistors can be operated directly from aseeaits 


integrated circuits. | (FLANGE) 
GATE <_ } 
The RFD8PO6E, RFD8PO6ESM and RFP8PO6E incorporate Rey 


ESD protection and are designed to withstand 2kV (Human 
Body Model) of ESD. SOURCE 


PACKAGE AVAILABILITY 


JEDEC TO-252AA 


P-CHANNEL 
POWER MOSFETs 


Symbol 
PART NUMBER | PACKAGE | BRAND 2 

RFP8PO6E TO-220AB RFP8PO6E 

RFD8PO6ESM TO-252AA D8PO6E 

RFD8PO6E TO-251AA D8PO6E G 
NOTE: When ordering, use the entire part number. Add the suffix 9A to 
obtain the TO-252AA variant in tape and reel, i.e. RFD8PO6ESM9IA. 
Formerly developmental type TA49044. Ss 
Absolute Maximum Ratings T, = +25°C 

RFD8POGE, RFD8PO06ESM, 
RFP8PO6E UNITS 

Drain: SOURCE VONAGG s wcisa essen pi ek eek nde one eee Taw ORI RRS Cee Voss -60 V 
Draiy Gate Voltage’: : 5. cnads is uw aoe ga we ew Pees eae ease Wawa VocR -60 V 
Gate Source: Volage wit ics cans caw ewe heen OS OM Se SIR Pa eee A Ves +20 V 
Drain Current 

RMS COntinuouses 6:05:35 5.. Gerd s seu a ne ett oe See a thw wane ee be Ip 8 A 

Pulsed: Drain Curent 5 66.20 uc.ae yoere he Me Aad 2 eke a owed Ewes eee ee 2 low Refer to Peak Current Curve 
Single Pulse Avalanche Rating ............ 0. cece cc cece eee n eens Eas Refer to UIS Curve 
Power Dissipation 

USAC OO fh we AG Sere yrs wee a tet ale ey Rea Leama See eR Re tae e Pp 48 W 

Derate: above +25°C 5.6 encoun rns fine on awh aaa uk ot be wttamad sie 0.32 w/c 
Electrostatic Discharge Rating MIL-STD-883, Category B(2) ................... ESD 2 kV 
Operating and Storage Temperature .......... 0... cc cece ce eee eee Tsta, Ty _ -55 to +175 °C 
Soldering Temperature of Leads for10s................ PS be teats rigid ae Vea TL 260 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD handling procedures. File Number 3937.3 
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| Specifications RFD8PO6GE, RFD8POGESM, RFP8&PO6E 


Electrical isa canesli To = +25°C, Unless Otherwise Specified 


[rawerens [swsor[vestconorions [we [ve [wax [ors 

Cece oT (ck A 

| Zero Gate Voltage ECan | | ; ic 
= io Sa 


Cae = -30V, Ip = 8A 
R, = 3.75Q, Veg = -10V 
Reg = 2.52 


pga, 


as 


Ni 


0 


= 


0.300 | Q 


oi 


BSS 
© 


Oe] 
oO 


100 


ce 


wo 
o 
re) 
o 
3 

1?) 


oo 
=| 
QO 


. —_ (ee) —_ 
© 


—_ 
—_ 
oO. 
_ 
or 
ro) 

?) 


Zo} 
TT 


Input Capacitance — 1 Vows -25V, Ves = OV 
) —| f= 1MHz 


Output Capacitance | 


Reverse Transfer | Reverse Transfer Capacitance | 


a Resistance x JC | To. 220 | 
| Junction to Case 


Thermal Resistance a 220 


Junction to Ambient 
| 70-254 , 10-252 


Source-Drain Diode and oo 


PARAMETERS SYMBOL 
Forward Voltage — 
Reverse Recovery Time } tee | Isp = -8A, digp/dt = -100A/us 


1) 
oi 


5°) 
Tl 


3.125 °C/W 


°C/W 


— 
o> 
Oo 
xo) 
Tl 


S| 
= 


100 


UNITS 
ae 


oi 


TEST CONDITIONS | TYP 
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RFD8&PO6E, RFD8PO6GESM, RFP8PO6E 


Typical Performance Curves 


To = +25°C 
a Ht tiie tHE mat 
Ht a ‘i 
oi mel mC IC PT 
Z BS aii a 
: ios S 
= aii... “7S oF 
é i cE: 
rs AREA MAY BE NOTES: 
LIMITED BY rpg(on) DUTY FACTOR: D = t,/t, 
- SINGLE PULSE PEAK Ty = Pow X Zouc + Te 
en 10 “100 “405 39404 = 103 102 = 40" 10° 10° 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) t, RECTANGULAR PULSE DURATION (s) 
FIGURE 1. SAFE OPERATING AREA CURVE FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 


Tc = +25°C 


_-10? — Stee 
7 < Stic atl FOR TEMPERATURES ABOVE +25°C f 
< z SES DERATE PEAK CURRENT l 
5 a AS FOLLOWS: 
wi a 
c < an 
c F Sea + - 
a) ” 
2 SH tt ll 2a 
é mT me : 
oc Li. 
: z SS stil m7 
Fe 3 re) 
= 10 HEH {| “Ss mull mg = 
a 
a —H MAY LIMIT CURRENT ‘cs ian Seniesa O 17 
- 5 
- .-Li HEC Ce > 3 
1o& 105 104% 10% 107 107 10° ~§ 10! oO. 
Tc, CASE TEMPERATURE (°C) t, PULSE WIDTH (s) 
FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs FIGURE 4. PEAK CURRENT CAPABILITY 


TEMPERATURE 


PULSE DURATION = 250us, Tc = +25°C 


PULSE TEST 
PULSE DURATION = 250s 
DUTY CYCLE = 0.5% MAX 


Ip, DRAIN CURRENT (A) 


Ipjon)» ON STATE DRAIN CURRENT (A) 


0.0 -2.0 -4.0 6.0 8.0 -10.0 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) Vas, GATE-TO-SOURCE VOLTAGE (V) 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFD8&PO6E, RFD8PO6ESM, RFP8PO6E 


Typical Performance Curves (Continued) 


PULSE DURATION = 250s, Vgs = -10V, Ip = -8A Vas = Vos) Ip = -250HA 


Vescr) NORMALIZED GATE 
THRESHOLD VOLTAGE 


rps(ony NORMALIZED ON RESISTANCE 


“.80 -40 0 40 80 120 160 200 
Tj, JUNCTION TEMPERATURE (°C) Tj, JUNCTION TEMPERATURE (°C) 
FIGURE 7. NORMALIZED Tps(on) VS JUNCTION FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE TEMPERATURE 
Ip = -250uA 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 
POWER DISSIPATION MULTIPLIER 


1, JUNCTION TEMPERATURE (°C) Tc, CASE TEMPERATURE (°C) 
FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN FIGURE 10. NORMALIZED POWER DISSIPATIION vs TEMPER- 
VOLTAGE vs TEMPERATURE ATURE DERATING CURVE 
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° 


Ves = OV, f = 1MHz 


Vpp = BVpss Vop = BVpss 


& 
a 
t 
N 
on 
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i] 
in 
oa 
So 


0.75 BVpss 
0.50 BVpss 
0.25 BVpss 


C, CAPACITANCE (pF) 


Ves =-10V 


Vps, DRAIN-SOURCE VOLTAGE (V) 


la(ReF) _ lqrer) 


Vos; DRAIN-TO-SOURCE VOLTAGE (V) Ig(act) eee) ” Ig(act) 
FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 


CONSTANT GATE CURRENT. REFER TO 
APPLICATION NOTE AN7254 AND AN7260 
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Ves, GATE-SOURCE VOLTAGE (V) 


RFD8POG6E, RFD8PO6GESM, RFP&8PO6E 


Typical Performance Curves (continued) 


~ So 


-10 


1 | me 
IfR=0 


Ins, AVALANCHE CURRENT (A) 


ffR+0 


tay = (L) (lag) / (1.3RATED BVpss - Vpp) 


tay = (L/R) In [(Iag*R) / (1.3 RATED BVpgg - Vpp) + 1] 


A 


0.01 0.1 


1 10 


tay, TIME IN AVALANCHE (ms) 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 


Test Circuits and Waveforms 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


Re 


FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT 


R, 


OV 
| | DUT 


‘Ves Res 


FIGURE 16. RESISTIVE SWITCHING TEST CIRCUIT 
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BVpss 


ton torr 
tocon) to(orF) 
ty te 
Vps 10% 
90% 
Ves 


50% 


90% 


PULSE WIDTH 


FIGURE 17. RESISTIVE SWITCHING WAVEFORMS 


P-CHANNEL 
POWER MOSFETs 


RFD8&PO6E, RFD8PO6GESM, RFP8PO6E 


Temperature Compensated PSPICE Model for the 
RFD&PO6E, RFD8PO6GESM, RFP8PO6GE 


.SUBCKT RFP8PO6E 2 1 3 REV 6/23/94 


CA 12 8 7.24e-10 | : LDRAIN 
CB 15 148.04e-10 10 , 52 
CIN 6 8 6.00e-10 . DPLCAP DRAIN 


DBODY 5 7 DBDMOD RSCL2 

DBREAK 7 11 DBKMOD 

DESD1 91 9 DESDiMOD er) ESCL 

DESD2 91 7 DESD2MOD 7 

DPLCAP 10 6 DPLCAPMOD EBREAK Gs) 
RDRAIN = 


EBREAK 5 11 17 18 -79.2 esa (>) 16 

EDS 148581 avid DBODY 
EGS 138681 i MOS2 

ESG5 1068 1 


11 
EVTO 2068 18 1 


CIN DBREAK 
. RSOURCE LSOURCE , 


IT817 1 


LDRAIN 25 1e-10 
LGATE 1 9 2.92e-9 
LSOURCE 3 7 2.926-9 


MOS1 16 6 8 8 MOSMOD M=0.99 i S1AQ = S2A we RBREAK 
MOS2 16 21 8 8 MOSMOD M=0.01 13 14 17 18 


RBREAK 17 18 RBKMOD 1 S1B9 9 S28 

RDRAIN 50 16 RDSMOD 95.2e-3 

RGATE 9 20 3.95 CA CB €> IT 19 
RIN 6 8 1¢9 ‘ . 
RSCL1 5 51 RSCLMOD 1e6 EGS e EDS Zz) = VBAT 
RSCL2 5 50 163 - ~ : 

RSOURCE 8 7 RDSMOD 143.6e-3 

RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 
S1B 13 12 13 8 S1BMOD 
S2A 6 15 14 13 S2AMOD 
S2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 -0.804 


ESCL 51 50 VALUE={(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1e6/22,9))} 


.MODEL DBDMOD D (IS=4.15e-15 RS=5.54e-2 TRS1=-1.32e-3 TRS2=-2.48e-6 CJO=6.06e-10 TT=7.50e-8) 
-MODEL DBKMOD D (RS=4.66e-1 TRS1=1.58e-3 TRS2=-7.49e-6) 

-MODEL DESD1MOD D (BV=20.2 TBV1=-1.25e-3 TBV2=5.79e-7 RS=36 NBV=50 IBV=7e-6) 
-MODEL DESD2MOD D (BV=25.4 TBV1=-8.3e-4 TBV2=8.9e-7 NBV=50 IBV=7e-6) 

-MODEL DPLCAPMOD D (CJO=2.49e-10 IS=1e-30 N=10) 

-MODEL MOSMOD PMOS (VTO=-3.824 KP=5.163 IS=1e-30 N=10 TOX=1 L=1u W=1u) 
-MODEL RBKMOD RES (TC1=9.48e-4 TC2=-1.42e-7) 

-MODEL RDSMOD RES (TC1=5.40e-3 TC2=1.25e-5) 

-MODEL RSCLMOD RES (TC1=1.75e-3 TC2=3.90e-6) 

-MODEL RVTOMOD RES (TC1=-3.55e-3 TC2=-3.43e-6) 

-MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=5.10 VOFF=3.10) 

-MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=3.10 VOFF=5.10) 

-MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=2.1 VOFF=-2.9) 

-MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-2.9 VOFF=2.1) 


-ENDS 


NOTE: For further discussion of the PSPICE model consult A New PSPICE Sub-Circuit for the Power MOSFET Featuring Global 
Temperature Options; written by William J. Hepp and C. Frank Wheatley. 
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GG HARRIS RFD15P05, 
SEMICONDUCTO RFD15P05SM, RFP15P05 


15A, 50V, Avalanche Rated, P-Channel 


December 1995 Enhancement-Mode Power MOSFETs 
Features Packaging 
e 15A, 50V JEDEC TO-220AB 
SOURCE 


Ad DS(ON) = 0.1500 
e Temperature Compensating PSPICE Model 
e Peak Current vs Pulse Width Curve 


e UIS Rating Curve 


Description 
JEDEC TO-251AA 
The RFD15P05, RFD15PO05SM, and RFP15P05 P-Channel SOURCE 
power MOSFETs are manufactured using the MegaFET pro- DRAIN 
cess. This process which uses feature sizes approaching DRAIN (FLANGE) SIE 
those of LSI integrated circuits, gives optimum utilization of 
silicon, resulting in outstanding performance. They were 
designed for use in applications such as switching regula- 
tors, switching converters, motor drivers, and relay drivers. JEDEC TO-252AA 
These transistors can be operated directly from integrated 
circuits. . DRAIN (FLANGE) 
” 
PACKAGING AVAILABILITY a ff 
GATE ¢ 7 
PART NUMBER PACKAGE BRAND SOURCE S 8 
= 
RFD15P05 TO-251AA F15P05 = oc 
O wl 
RFD15P05SM TO-252AA F15P05 Symbol a2 
D Oo 
RFP15P05 TO-220AB RFP15P05 Q. 
NOTE: When ordering, use the entire part number. Add the suffix 9A 
to obtain the TO-252AA variant in the tape and reel, i.e., G 
RFD15PO5SMQ9A. 
Formerly developmental type TA09833. 
Absolute Maximum Ratings T, = +25°C 
RFD15P05, RFD15P0O5SM, 
RFP15P05 UNITS 
Drain: SOurce-VONAGE: visa eg kt tee seins sue agu Sake Matin weed Vpss -50 V 
« Drain Gate Vollage sawsetkiersdawke Migwtaiaeess sae ewes aie ks Vpar | -50 . V 
Gale SOUICE VONAGE S nits ss0 eh Peaw ed Dees eo ne owed Dee deaeeensle keds Ves +20 V 
Drain Current 
AMS ‘COnUNUOUS yooh Vo ek De et aS eae ae OM ware oes Saray oe ees Ip 15 A 
Fused Drail CUMOM 24.2.5 ce we eee peace Nak Sou ee eR HeR Deedee 4 lom Refer to Peak Current Curve 
Single Pulse Avalanche Rating.......... 0.0... cece cece eee eee Eas Refer to UIS Curve 
Power Dissipation 
Te = +25°C GWAR Ole Neda abo ten te, date olan el CNS Ae 5t ar bee atte) Gee. te reir e. ay Bint Gost aa Malet Joh Zul Nat lost (os ya Meta Pal Nah eee, faite Pp 80 WwW 
DeratevabOve 425°C sassy toa tot hie eet hae an Sane or nek sau 0.533 w/°C 
Operating and Storage Temperature... ...... 0.0.0... cece nes Tste Ty -55 to +175 °C 
Soldering Temperature of Leads for 10s.......... 0.0.0.0 eee eee eee Ty 260 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 2387.3 
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Specifications RFD15P05, RFD15P05SM, RFP15P05 | 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


[rannnerenT[orisoc | vesrconorons [an [ ee [ mac [ore 

[Parsameomncmnvowm | Soe [eremaverw | = | | |v 

Sa 
-1 pA 


Zero Gate Voltage Drain Current 


Teo = +25°C 
To = +150°C 
Gate-Source Leakage Current Ves = t20V 


= 


=] 


Ry = 3.3Q, Ves = -10V 

Turn-On Delay Time to(on) Res = 12.52 
Turn-Off Delay Time to(oFF) 
Fall Time 


Turn-Off Time 


torr 


Total Gate Charge Qecrot) | Vas =O0V to-20V | Vpp =-40V, 
Ip = 15A, 
Gate Charge at -10V Q¢-10) Veg = O0V to-10V | R, =2.67Q 
Threshold Gate Charge Qe) | Vas = OV to -2V 
Input Capacitance Ciss Vos = -25V, Ves = OV 
f = 1MHz 

Output Capacitance Coss 

Reverse Transfer Capacitance Crss 


Thermal Resistance R 
Junction to Case 


S 


a 
TC 3 3 
Tn 


TS 
n 


\ 


To 
n 


i 


6JC 
Thermal Resistance Roya 
Junction to Ambient 


TO-251AA, TO-252AA 
TO-220AB 


TO-220AB, TO-251AA, TO-252AA 


Source-Drain Diode Specifications 


PARAMETER SYMBOL TEST CONDITIONS 
Forward Voltage Isp = -15A 
Reverse Recovery Time pte | Isp = -15A, digp/dt = -100A/ys 
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RFD15P05, RFD15PO5SM, RFP15P05 


Typical Performance Curves 


-100 


Ip, DRAIN CURRENT (A) 


Ip, DRAIN CURRENT (A) 


Te = +25°C 


OPERATION IN THIS 
AREA MAY BE 
LIMITED BY TDS(ON) 


“1 -10 -100 
Vps , DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 1. SAFE OPERATING AREA CURVE 


Tc, CASE TEMPERATURE (°C) 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 


Ip, DRAIN CURRENT (A) 


TEMPERATURE 


PULSE DURATION = 2501s, Tc = +25°C 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 


= 
~~ 


Te E afl 


Zejc, NORMALIZED 
THERMAL RESPONSE 


nd reat CNC NOTES: 


DUTY FACTOR: D = ty/to 
| PEAK Ty= Pom x Zouc + Te 


0.01 
10° 104 | 10% 102 10°! 40° 10! 
t, RECTANGULAR PULSE DURATION (s) 


FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 


Tc = +25°C 


FOR TEMPERATURES ABOVE +25°C 
DERATE PEAK CURRENT 
CAPABILITY AS FOLLOWS: 


Nii 


emt 
aN TSE 
ti TTT ETT TT 


Nim 
~atil| 
TESST 


TRANSCONDUCTANCE fil|| Wine 
-10 


MAY LIMIT CURRENT 
10° 104 10° 10° 10°! 10° 10' 


IN THIS REGION 
t, PULSE WIDTH (s) 


lpw, PEAK CURRENT CAPABILITY (A) 


FIGURE 4. PEAK CURRENT CAPABILITY 


PULSE TEST 
PULSE DURATION = 250ys 
DUTY CYCLE = 0.5% MAX 


Injony ON STATE DRAIN CURRENT (A) 


0.0 -2.0 -4.0 -6.0 -8.0 
Vas, GATE-TO-SOURCE VOLTAGE (V) 


“10.0 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 


P-CHANNEL 
POWER MOSFETs 


RFD15P05, RFD15PO5SM, RFP15P05 


Typical Performance Curves (continued) 


PULSE DURATION = 250us, Ves = -10V, Ip = -15A 


rps(on), NORMALIZED ON RESISTANCE 


Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED rpsion) VS JUNCTION 
TEMPERATURE 


Ip = -2500A 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN 
VOLTAGE vs TEMPERATURE 


Ves = OV, f = 1MHz 


C, CAPACITANCE (pF) 


0 -5 10 “15 -20 -25 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE 


Ves = Vos; Ip = -250LA 


Vest), NORMALIZED GATE 
THRESHOLD VOLTAGE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE 


POWER DISSIPATION MULTIPLIER 


0 25 50 75 100 125 150 175 
Tc, CASE TEMPERATURE (°C) 


FIGURE 10. NORMALIZED POWER DISSIPATION vs 
TEMPERATURE DERATING CURVE 


= -10.0 


1 
oa 
©o 


-37.5 


0.75 BVpss 0.75 BVpss 
0.50 BVpss 0.50 BVoss 


Vos, DRAIN-SOURCE VOLTAGE (V) _ 
nS 
a 
on 
So 
Vgs, GATE-SOURCE VOLTAGE (V) 


t, TIME (us) 80 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO 
APPLICATION NOTE AN7254 AND AN7260 
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RFD15P05, RFD15PO5SM, RFP15P05 


Typical Performance Curves (continued) 


las, AVALANCHE CURRENT (A) 


IfR #0 


ae (L) (Igs) / (1.3RATED BV pss - Vpp) 


tay = (L/R) In [(lag*R) / (1.3 RATED BVpgg - Vp) + ny 


0.1 1 


10 ae 


tay, TIME IN AVALANCHE (ms) 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 


Test Circuits and Waveforms 


Vps 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


Re 


OV 
tp 


“Ves 


FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT 


DUT 


-Ves 


FIGURE 16. RESISTIVE SWITCHING TEST CIRCUIT 
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BVpss 


P-CHANNEL 
POWER MOSFETs 


ton “torr 
to(on) to(orF) 
tr 
10% 
Vos 90% 
Ves 
50% 
4 


PULSE WIDTH 


90% 


FIGURE 17. RESISTIVE SWITCHING WAVEFORMS 


RFD15P05, RFD15P05SM, RFP15P05. 


Temperature Compensated PSPICE Model for the RFD15P05, RFD15PO5SM, RFP15P05 
<SUBCKT RFP15P05 2 1 3 REV 9/06/94 
CA 12 8 1.6e-9 


CB 15 14 1.47e-9 : 5 
CIN 6 8 1.09e-9 10 


LORAIN 


DPLCAP 
DBODY 5 7 DBDMOD 7 RSCL2 not! 


DBREAK 7 11 DBKMOD 
DPLCAP 10 6 DPLCAPMOD C ESCL 


DRAIN 


EBREAK 5 11 17 18 -73.0 . an 

EDS 148581 EBREAK(. 

EGS 138681 esa (=) cha 

ESG5 10861 + 

EVTO 2068 18 1 Beg 
GATE reate EVTO I Sle 

IT8171 ; 9 8 11 
1 LGATE 20\8, 6 MOS1 

LDRAIN 25 te-9 DBREAK 

LGATE 1 9 6.73e-9 RIN CIN 

LSOURCE 3 7 6.69e-9 5 RSOURCE 


DBODY 


LSOURCE 


03 
MOS1 16 6 8 8 MOSMOD M = 0.99 SOURCE 
MOS2 16 21 8 8 MOSMOD M = 0.01 


RBREAK 17 18 RBKMOD 1 S1AQ =. S2A 

RDRAIN 50 16 RDSMOD 63.6¢-3 | 
RGATE 9 20 7.37 aa | . 

RIN 6 8 169 | se ag RVTO 
RSCL1551RSCLMOD 16-6 ~ | cB | 

RSCL2 5 50 1e3 CA (+) ir 19 
RSOURCE 8 7 RDSMOD 46.5e-3 + ; 
RVTO 18 19 RVTOMOD 1» Eas (5) EDS ‘Se | | = VBAT 


S1A 6 12 13 8 S1AMOD 
S$1B 13 12 13 8 S1iBMOD 
S2A 6 15 14 13 SZEAMOD 
S2B 13 15 14 13 S2BMOD. 


VBAT 8 19 DC 1 
VTO 21 6 -0.65 


ESCL 51 50 VALUE = {(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1e6/35,4))} 


.MODEL DBDMOD D (IS = 1.27e-13 RS = 1.62e-2 TRS1 = 1.35e-3 TRS2 = -4.33e-6 CJO = 1.25e-9 TT = 7.97e-8) 
.MODEL DBKMOD D (RS = 2.54e-1 TRS1 = 4.54e-3 TRS2 = -1.12e-5) 

.MODEL DPLCAPMOD D (CJO = 285e-12 IS = 1e-30 N = 10) 

.MODEL MOSMOD PMOS (VTO = -3.78 KP = 6.97 IS = 1e-30 N = 10 TOX = 1 L = 1uW = 1u) 
.MODEL RBKMOD RES (TC1 = 9.15¢e-4 TC2 = -4.0e-7) 

.MODEL RDSMOD RES (TC1 = 5.47e-3 TC2 = 1.37e-5) 

.MODEL RSCLMOD RES (TC1 = 1.9e-3 TC2 = -7.5e-6) 

.MODEL RVTOMOD RES (TC1 = -3.710e-3 TC2 = -2.41¢-6) 

.MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 3.65 VOFF = 1.65) 

.MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 1.65 VOFF = 3.65) 

.MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 0.60 VOFF = -4.40) 

.MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -4.40 VOFF = 0.60) 


.ENDS 


NOTE: For further discussion of the PSPICE model, consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options; authored by William J. Hepp and C. Frank Wheatley. 
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HARRIS RFD15P06, 
SEMICONDUCTOR RFD15PO06SM, RFP15P06 


15A, 60V, Avalanche Rated, P-Channel 


uD 


December 1995 Enhancement-Mode Power MOSFETs 
Features Packaging 


¢ 15A, 60V JEDEC TO-220AB 


SOURCE 


* Tps(on) = 0.1502 

¢ Temperature Compensating PSPICE Model 
e Peak Current vs Pulse Width Curve 

UIS Rating Curve 


Description 

JEDEC TO-251AA 
The RFD15P06, RFD15PO6SM, and RFP15P06 P-Channel SOURCE 
power MOSFETs are manufactured using the MegaFET pro- eae 
cess. This process which uses feature sizes approaching DRAIN (FLANGE) 


those of LSI integrated circuits, gives optimum utilization of sil- 

icon, resulting in outstanding performance. They were 

designed for use in applications such as switching regulators, 

switching converters, motor drivers, and relay drivers. These JEDEC TO-252AA 
transistors can be operated directly from integrated circuits. 

DRAIN (FLANGE) 


PACKAGING AVAILABILITY ge 2 
Wu 
PART NUMBER | PACKAGE BRAND GATE ¢ ig 4 
SOURCE = Oo 
RFD15P06 TO-251AA F15P06 $s 
— 
RFD15P06SM TO-252AA F15P06 oO LJ 
Symbol as 
RFP15P06 TO-220AB RFP15P06 D 4 
NOTE: When ordering, use the entire part number. Add the suffix 9A 
to obtain the TO-252AA variant in the tape and reel, i.e., 
RFD15PO6SM9A. G 
Formerly developmental type TA09833. 
S 
Absolute Maximum Ratings Tz. = +25°C 
RFD15P06, RFD15PO6SM, 
RFP15P06 UNITS 
Drain SOUICE VOlIA0G. sais aoa eons gees Madeain BE yREN oe Oe we ee Voss -60 V 
Dralty Gale VONAGE i050 wie gala Ranaen eeN EN ws es Resin Rie Se he ewe Ot VoarR -60 V 
Gate SOUlCe VONAGE: sucid bet eked tas dewe sun hae leno? ene saad Ves +20 V 
Drain Current 
RIVS COnUNUOUS iS he ae ain aaa ste eoeseh sees bake eae wy ID 15 A 
Pulsed Drain Current...... He BAe Wb pach eee Rae IN is aaa eed asia lpm Refer to Peak Current Curve 
Single Pulse Avalanche Rating ......... 0... 0... c cece cece nee neta Ens Refer to UIS Curve 
Power Dissipation 
To = +25°C aaah aie a ey as Sata Ge Nas RG, ea Lan a, tah le vatnia Patera sia Ce" Beige a go ge MaMa Ae CaN ods al deed ies to! Seo Snes aee aa Se Pp 80 W 
Delale ADOVE A252 Co os tif urcras a aati Rete tnante ss prea os nee ae e ach t yl ae 0.533 W/°C 
Operating and Storage Temperature........... 0.0... eee Tste@, Ty -55 to +175 °C 
Soldering Temperature of Leads for 10S....... 0... ccc cece cc ete eens he 260 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 3988.1 
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Specifications RFD15P06, RFD15PO6SM, RFP15P06 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage Ip = 250nA, Veg = OV P60 ef ee 


Zero Gate Voltage Drain Current 


Gate-Source Leakage Current 


Vop = -30V, Ip = 7.5A 
R, = 4.09, Vgg = -10V 

Turn-On Delay Time toon) Res = 12.50 
Turn-Off Delay Time tb(OFF) 


Turn-Off Time ae 
| QerroT) Ves = OV to-20V | Vpp = -48V, 
— ) Ip=15A, | 
Ry = 3.20Q 


Qe-1 0) Ves = OV to -10V 
Ves = OV to -2V 


Vos = -25V, Vag = OV 
f= 1MHz 


Vos = -60V, 


+ 
Cc 
x 
7 
2) 
S 
a 
3 
9) 


G 


QectH) 


Ciss 


Output Capacitance | Coss 


Reverse Transfer Capacitance Crss_ 


| Thermal Resistance Reic = |.-: TO-220AB, TO-251AA, TO-252AA 
Junction to Case 
Thermal Resistance Roya TO-251AA, TO-252AA 
Junction to Ambient 
TO-220AB | 


Source-Drain Diode Specifications 
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RFD15P06, RFD15PO6SM, RFP15P06 


Typical Performance Curves 


-100 


ae 
=a 
| 
= 
|__| 
ie) 
= 
—~ 
——j 
| ne 
a 
a 


SR AR 
Sil sal 
one Te tit 


Ip, DRAIN CURRENT (A) 
° 


OPERATION IN THIS 
AREA MAY BE 
LIMITED BY r DS(ON) 


Vos, DRAIN-TO-SOURCE VOLTAGE (V) 
FIGURE 1. SAFE OPERATING AREA CURVE 


Ip, DRAIN CURRENT (A) 


Tc, CASE TEMPERATURE (°C) 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 


PULSE DURATION = 2501s, Tc = +25°C 


Ip, DRAIN CURRENT (A) 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 


i Se NE LU 


0.5 at! — 
Se ae ii 


pol gr 


B 
sd ‘atime 


0.1 


01 %, i ae eee 

S: 
x ATT DUTY FACTOR: D = tyit, 
SINGLE PULSE PEAK Ty = Pow X Zo yc + Te 


Zouc, NORMALIZED 
THERMAL RESPONSE 


0.01 
10°5 104 10° 10°72 10°! 10° 101 
t, RECTANGULAR PULSE DURATION (s) 


FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 


Tc = +25°C 
md FOR TEMPERATURES ABOVE +25°C 
DERATE PEAK CURRENT 
CAPABILITY AS FOLLOWS: 
-100 || Dn 
x 
< ail | 
a. \ Scoot 
z tL a 
Hitman 
TRANSCONDUCTANCE 
MAY LIMIT CURRENT 
“to |_IN THIS REGION 
105 104 10° 1072 LL Mt 10" 


t, PULSE WIDTH (s) 


FIGURE 4. PEAK CURRENT CAPABILITY 


Vop = -15V 


PULSE TEST 
PULSE DURATION = 250s 
DUTY CYCLE = 0.5% MAX 


Ip(on)» ON STATE DRAIN CURRENT (A) 


0.0 -2.0 -4.0 -6.0 -8.0 -10.0 
Vgs, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFD15P06, RFD15PO6SM, RFP15P06 
Typical Performance Curves (Continued) 


rps(on)» NORMALIZED ON RESISTANCE 
Vescru)» NORMALIZED GATE 
THRESHOLD VOLTAGE 


0 
-80 -40 0 40 80 120 160 200 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED rpgion) VS JUNCTION TEMPERATURE FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE 


Ip = -250NA 


= N 
or So 


a 
roa) 
POWER DISSIPATION MULTIPLIER 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 
=) 


0.0 
0 25 50 75 100 #125 150 8 175 
Ty, JUNCTION TEMPERATURE (°C) Tc, CASE TEMPERATURE (°C) 
FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN FIGURE 10. NORMALIZED POWER DISSIPATION vs 
VOLTAGE vs TEMPERATURE TEMPERATURE DERATING CURVE 


Ves = OV, f = 1MHz 10.0 


Vpp = BVpss Vop = BVpss 


R, = 3.330 
Iq(REF) = -0.65mA \ 
Ves =-10V -5.0 


0.75 BVpsg 0.75 BVpss 
0.50 BVpss 0.50 BVpss 
0.25 BVpss 0.25 BVpss 


C, CAPACITANCE (pF) 
Ves, GATE-SOURCE VOLTAGE (V) 


Vps, DRAIN-SOURCE VOLTAGE (V) 


: : 0.0 
IG(REF) la(REF) 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) : lecact) pane ee lecact) 
FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 


CONSTANT GATE CURRENT. REFER TO 
APPLICATION NOTE AN7254 AND AN7260 
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RFD15P06, RFD15PO6SM, RFP15P06 


Typical Performance Curves (continued) 


-50 


a ee ee <8 
tithes _ we TTT 
Baa’ 


tay = (L) (lag) / (1.3RATED BVpssg - Vpp) NON 


las, AVALANCHE CURRENT (A) 


fR#0 


tay, TIME IN AVALANCHE (ms) 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 


Test Circuits and Waveforms 


Vos BVpss 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


P-CHANNEL 
POWER MOSFETs 


OV 


“Ves 
FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 
Vop on torr 
to(on) to(orF) 
R 
L tr 
10% 
Vos 
ov Vos 90% 
! | Ves 
Vos Res DUT 
50% 
PULSE WIDTH 
— 90% 
FIGURE 16. RESISTIVE SWITCHING TEST CIRCUIT FIGURE 17. RESISTIVE SWITCHING WAVEFORMS 
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RFD15P06, RFD15PO6SM, RFP15P06 


Temperature Compensated PSPICE Model for the RFD15P06, RFD15PO06SM, RFP15P06 
SSUBCKT RFP15P06 2 1 3 REV 9/06/94 


CA 128 1.6e-9 
CB 15 14 1.47¢-9 5 
CIN 6 8 1.09e-9 10 


LDRAIN 


DPLCAP 


DBODY 5 7 DBDMOD RSCL2 RSCL1 
DBREAK 7 11 DBKMOD 
DPLCAP 10 6 DPLCAPMOD Ee ESCL 


DRAIN 


EBREAK 5 1117 18 -73.0 | 
EDS 148581 2 EBREAK Gs) 
EGS 13868 1 3 | ba 2 Bone 

ESG5 10861 ALS 


EVTO 2068 181 DBODY 


| EVTO MOS2 
GATE LGATE RGATE 4, . ll 21 


IT 8171 1c 18 41 
9 20\.5. rs MOS1 

LDRAIN 25 1e-9 DBREA 
LGATE 1 9 6.73e-9 RIN CIN 
LSOURCE 3 7 6.69e-9 8 RSOURCE LSOURCE 

5 3 
MOS1 16 6 8 8 MOSMOD M = 0.99 7 SOURCE 
MOS2 16 21 8 8 MOSMOD M = 0.01 | 7 


7 
RBREAK 17 18 RBKMOD 1 42 oe ee 15 RBREAK 
RDRAIN 50 16 RDSMOD 63.6e-3 ue 14 , 17 18 
RGATE 9 20 7.37 
RIN 68 169 | aac 3) as RVTO 
RSCL1 551 RSCLMOD 1e-6 | CB | 
RSCL25501e3 CA ‘ (+) i 19 
RSOURCE 8 7 RDSMOD 46.5e-3 +A re L- 
RVTO1819RVTOMOD1 ecs(;) ens(z) | = VBAT 


S1A 6 12 13 8 S1AMOD 
$1B 13 12 13 8 SiBMOD 
S2A 6 15 14 13 S2AMOD 
S$2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 -0.65 


ESCL 51 50 VALUE = {(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1e6/35,4))} 


.MODEL DBDMOD D (IS = 1.27e-13 RS = 1.62e-2 TRS1 = 1.35e-3 TRS2 = -4.33e-6 CUO = 1.25e-9 TT = 7.97e-8) 
.MODEL DBKMOD D (RS = 2.54e-1 TRS1 = 4.54e-3 TRS2 = -1.12e-5) 

MODEL DPLCAPMOD D (CJO = 285e-12 IS = 1e-30 N = 10) 

.MODEL MOSMOD PMOS (VTO = -3.78 KP = 6.97 IS = 1e-30 N = 10 TOX = 1L= 1u W = 1u) 
.MODEL RBKMOD RES (TC1 = 9.15e-4 TC2 = -4.0e-7) 

.MODEL RDSMOD RES (TC1 = 5.47e-3 TC2 = 1.37e-5) 

.MODEL RSCLMOD RES (TC1 = 1.9e-3 TC2 = -7.5e-6) 

.MODEL RVTOMOD RES (TC1 = -3.71¢e-3 TC2 = -2.410e-6) 

.MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 3.65 VOFF = 1.65) 

.MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 1.65 VOFF = 3.65) 

.MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 0.60 VOFF = -4.40) 

.MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -4.40 VOFF = 0.60) 


-ENDS 


NOTE: For further discussion of the PSPICE model, consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options; written by William J. Hepp and C. Frank Wheatley. 


4-38 


HARRIS RFG30P05, RFP3OPO5, 
SEMICONDUCTOR RF1S30P05, RF1S30P05SM 


30A, 50V, Avalanche Rated, P-Channel 


December 1995 Enhancement-Mode Power MOSFETs 
Features Packages 
e 30A, 50V JEDEC STYLE TO-247 


id DS(ON) = 0.065Q 


¢ Temperature Compensating PSPICE Model ae 


¢ Peak Current vs Pulse Width Curve (BOTTOM 

e UIS Rating Curve SIDE METAL) | 
° +175°C Operating Temperature | > 
Description 


The RFG30P05, RFP30P05, RF1S30P05, and 

RF1S30PO05SM P-Channel power MOSFETs are 

manufactured using the MegaFET process. This process, JEDEC TO-220AB 

which uses feature sizes approaching those of LSI circuits SOURCE 


gives optimum utilization of silicon, resulting in outstanding | LA » GATE 
performance. They were designed for use in applications (FLANGE) <oS ZY” 
such as switching regulators, switching converters, motor SN ¢ 
drivers, and relay drivers. These transistors can be operated | S44 
directly from integrated circuits. 
PACKAGE AVAILABILITY 


PART NUMBER PACKAGE BRAND 


fAFGsoPos «(| To-247_~~=~S*«*SF@GOPOS JEDEC TO-262AA 
SOURCE 
RFP30P05 TO-220AB RFP30P05 DRAIN 
DRAIN GATE 


RFiS30P05 TO-262AA F1S30P05 
RF1S30P05SM TO-263AB F1S30P05 


NOTE: When ordering use the entire part number. | 
Formerly developmental type TA09834. 


(FLANGE) 


P-CHANNEL 
POWER MOSFETs 


SS a a ee JEDEC TO-263AB 


Symbol D 
<_s : DRAIN 
— (FLANG 
G GATE renee) 
SOURCE 7 
s 


Absolute Maximum Ratings T,. = +25°C 


RFG30P05, RFP30P05 


RF1S30P05, RF1S30P05SM UNITS 

Drain Source Voltage’... 6 i246 4..is Gea cece inta ee et wtoaGausaeas eee 4s Voss -50 V 
Dralh Gate VolaGO ss ic os etd dw tte ph ede ahaa eee ee leneree- eee es as Vpocr -50 V 
Gate Source VolaG6 i evewiae coset e stares a hE eae eka Ves +20 V 
Drain Current | 

CONnINUOUS.c osu ladtncc est pods ie toe ee ee ee Ree eR ee es Ip 30 A 

Pulsed: Drain CUNGNY edict. cod ee es hee Mate IGS Cees hare TaN Se lpm Refer to Peak Current Curve 
Single Pulse Avalanche Rating ............ 0... cece eee eee eee nes Eas Refer to UIS Curve 
Power Dissipation 

WiGSe a Ciena aaa sox seen wean badveies bo een eed Sono wien sees Pp 120 W 

Derateabove +25°C.. 6 ria iuic Waa eee tuted kag heeded Sees 0.8 WC 
Operating and Storage Temperature ................ 2. cece ee eee ee Ty, Tstg -55 to +175 °C 
Soldering Temperature of Leads for 10S ...... 0... cece eee eee TL 260 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD handling procedures. File Number 2436. 2 
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_ _ Specifications RFG30P05, RFP3O0P05, RF1S30P05, RF1S30P05SM 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified. 


PARAMETER SYMBOL TEST CONDITIONS | min | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage Ip = 250HA, Ves = OV ee ae eg 
| 4 Vv 


Gate Threshold Voltage VasctH) Ves = Vos: Ip = 250A 


To = +25°C 


To = +1 50°C 


Zero Gate Voltage Drain Current 


= 
> 


= 
> 


Gate-Source Leakage Current lass Ves = +20V 


| toson) | !p = 30A, Veg = -10V 


Vop = -25V, Ip = 15A 
R, = 1.679, Vgg = -10V 


=) 
> 


On Resistance 


Turn-On Time 


Zz 
—_ 
3 
a 


Turn-On Delay Time Reg = 6.25 

Rise Time a 

Turn-Off Delay Time 

Fall Time oe 

Turn-Off Time | tore | 100 

Total Gate Charge | oes Vop = -40V, 140 170 nC 


Qe-10) Ves =0to-10V | R, = 1.33Q 
Threshold Gate Charge | Qecn Ves = 0 to -2V | 


Vos = -25V, Veg = OV 


Gate Charge at -10V 


~ 
=) 
fe) 
a 
=| 
O 


=! 
Q) 


a | 
on 


3200 | 


input Capacitance 


no) 
TN 


Ciss 


f= 1MHz 
Output Capacitance | Coss | 800 pF 
Reverse Transfer Capacitance Crss 175 pF 


Thermal Resistance Junction to Case 


1.25 | °C/W 
Thermal Resistance Junction to Ambient | 80 | ecw 


Source-Drain Diode Specifications 


PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP [MAX | UNITS 


4-40 


RFG30P05, RFP30P05, RF1S30P05, RF1S30P05SM 


Typical Performance Curves 


Te = +25°C 
- Peat obs 
oa! «100 — ee 
5 NS SR) A 
Ww ee 
a ee ae 
> | 
3 Ne hs 
= -10 | i ——- 
= OPERATION IN THIS FSS 
= AREA MAY BE a ae 
- LIMITED BY rpgion) ++ 
Cott et 
1 
: -10 il 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) 
FIGURE 1. SAFE OPERATING AREA CURVE 

-40 
< 
— -30 
a 
ij 
Ce 
Cc 
=) 
Oo -20 
rs 
< 
fod 
a 
2 -10 


Tc, CASE TEMPERATURE (°C) 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 


PULSE DURATION = 250us, To = +25°C 


Ip, DRAIN CURRENT (A) 


0 
jon ae 400° -6.0 -8.0 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 
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a2 Hii 241i me TI 
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od . Ue 

2g 0.1 ee ae ee 

$5 

N = 0.024 aA Litt itm Iii ty 


80.07 Fe | te 


fll LUI ||) Notes: 


DUTY FACTOR: D = ty/tp 

PEAK Ty = Pom x ZoJC + Tc 

10° 104 10° 10° 10°! 10° 10! 
t, RECTANGULAR PULSE DURATION (s) 


FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 


Tc = +25°C 


FOR TEMPERATURES ABOVE +25°C 
DERATE PEAK CURRENT 
| CAPABILITY AS FOLLOWS: 


175 —T, 
= Inet / G59 
FH HI Hy 


TH 
SC 


10°5 104 10° 10°? 10°! 10° 10' 
t, PULSE WIDTH (s) 


Lt RARE CONDUCTANCE 
MAY LIMIT CURRENT 
IN THIS REGION 


lpw, PEAK CURRENT CAPABILITY (A) 


FIGURE 4. PEAK CURRENT CAPABILITY 


PULSE TEST 
PULSE DURATION = 250ys 
DUTY CYCLE = 0.5% MAX 


Ip(on)» ON STATE DRAIN CURRENT (A) 


0.0 -2.0 -4.0 6.0 -8.0 
Vas, GATE-TO-SOURCE VOLTAGE (V) 


10.0 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFG30P05, RFP30P05, RF1S30P05, RF 1S30P05SM 


Typical Performance Curves (Continued) 


PULSE DURATION = 2508, Vg = -10V, Ip = -30A Ves = Vos; Ip = -250A 
) 2.0 
oO 
z Lu 
D wy 
wy 09145 
Oo 
Wi od 
z N © 
ro) il > 
eS = 9 
J Ox 
< = Y 
= re 
S GE os 
$ > 
(e) 
ao 
2 
0.0 
-80 -40 0 40 80 120 160 200 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 7. NORMALIZED rps(on) VS JUNCTION FIGURE 8 NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE TEMPERATURE 
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Ty, JUNCTION TEMPERATURE (°C) Tc, CASE TEMPERATURE (°C) 
FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN FIGURE 10. NORMALIZED POWER DISSIPATION vs 
VOLTAGE vs TEMPERATURE TEMPERATURE DERATING CURVE 


6 
an 
o 
o 


Ves = OV, f = IMHz 


t 
o 
rd 
on 


3000 


IG(REF) =-1.6mA 
Ves =-10V 
0.75 BVpss 0.75 BVpss 


2000 


C, CAPACITANCE (pF) 


L 0.50 BVpss 0.50 BVpsg — 


We BVpss 0.25 vp 
NS 


Iq(REF) IG(REF) 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) . leach t, TIME (us) lac 


1000 


Vps, DRAIN-SOURCE VOLTAGE (V) 


FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO 
APPLICATION NOTE AN7254 AND AN7260 
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Vas, GATE-SOURCE VOLTAGE (V) 


RFG3OP05, RFP30P05, RF1S30P05, RF1S30P05SM 


Typical Performance Curves (continued) 


-100 


iffR=0 
tay = (L) (las) / (1.3 RATED BVpsg - Vpp) 


lfR 40 
tay = (UR) In [(las*R) /(1.3 RATED BVpss Vpp) +1] 


las, AVALANCHE CURRENT (A) 
r=) 


“1 
0.1 1 10 100 


tay, TIME IN AVALANCHE (ms) 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING. REFER TO HARRIS APPLICATION NOTES AN9321 AND AN9322 


Test Circuits and Waveforms 


< 
_) Wi 
VARY tp TO OBTAIN . TT i 
REQUIRED PEAK las z O 
{C= 
OV = © 
Ow 
<a “3 
‘e) 
0. 
“Ves 
FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS | 
ton torr 
Vop 
toon) tp(oFF) 
tr te 
R 
L Vps L 10% 
Vos 
OV DUT 90% 
Ves 
“Ves Res 
50% 
PULSE WIDTH 
90% 
FIGURE 16. RESISTIVE SWITCHING TEST CIRCUIT FIGURE 17. RESISTIVE SWITCHING WAVEFORMS 


RFG30P05, RFP30P05, RF1S30P05, RF1S30P05SM 


Temperature Compensated PSPICE Model for the 
RFG30P05, RFP30P05, RF1S30P05, RF1S30P05SM 


SUBCKT RFP30P05 2 1 3: 
REV 8/21/94 


CA 12 8 3.23¢e-9 ESG 
CB 15 14 3.23e-9 : + 5 DRAIN 


CIN 6 8 3.08e-9 10 (= 


DBODY 5 7 DBDMOD 
DBREAK 7 11 DBKMOD St 
DPLCAP 10 6 DPLCAPMOD ‘ EBREAK ,L+ 
Gan OG 
EBREAK 5 11 17 18 -77.3 50 - 
a is : A DPLCAP RDRAIN 
ESG 5 10861 16 
EVTO 2068 18 1 . 


LDRAIN 


DBODY 


EVTO | 5 MOS2 
GATE 9 20+ 


ang : MOS1 
LGATE RGATE DBREAK 
LDRAIN 2 5 1e-9 RIN CIN 
LGATE 1 9 4.92e-9 
LSOURCE 3 7 4.60e-9 8 


T8171 


RSOURCE LSOURCE 
9 3 


MOS1 16 6 8 8 MOSMOD M=0.99 SOURCE 


MOS2 16 21 8 8 MOSMOD M=0.01 SIA ¢ 5 S2A | 
| | | 12 3 415 is RBREAK 

RBREAK 17 18 RBKMOD 1 8 

RDRAIN 50 16 RDSMOD 39.85e-3 SiB 9 9 S2B 

RGATE 9 20 2.34 13 

RIN 6 8 1e9 CA 14 (4) ir 19 

RSCL1 5 51 RSCLMOD 1e-6 i pi Be = VBAT 

RSCL25501e3 EGS (=) EDS (=) + 

RSOURCE 8 7 RDSMOD 2.566-3 : “ 

RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 
S1B 13 12 13 8 S1BMOD 
S2A 6 15 14 13 SZAMOD 
$2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 216 -0.81 


ESCL 51 50 VALUE={(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1e6/1 14,5))} 


MODEL DBDMOD D (IS=4.7e-13 RS=1.31e-2 TRS1=1.39e-4 TRS2=-4.77e-6 CJO=2.85e-9 TT=8.81e-8) 
|MODEL DBKMOD D (RS=2.23e-1 TRS1=1.97e-3 TRS2=-2.37e-5) 

,MODEL DPLCAPMOD D (CJO=0.78e-9 IS=1e-30 N=10) 

MODEL MOSMOD PMOS (VTO=-3.75 KP=10.83 IS=1e-30 N=10 TOX=1 L=1u W=1u) 
,MODEL RBKMOD RES (TC1=9.08e-4 TC2=-1.72e-6) 

.MODEL RDSMOD RES (TC1=5.016-3 TC2=1.02e-5) 

,MODEL RSCLMOD RES (TC1=2.09e-3 TC2=5.88¢e-7) 

MODEL RVTOMOD RES (TC1=-2.99e-3 TC2=1.40e-6) 

MODEL S1AMOD VSWITCH (RON=1¢e-5 ROFF=0.1 VON=3.4 VOFF=1.4) 

MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=1.4 VOFF=3.4) 

.MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=1.2 VOFF=-3.8) 

MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-3.8 VOFF=1.2) 


.ENDS 


NOTE: For further discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options; authors, William J. Hepp and C. Frank Wheatley. 
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tat HARRIS RFG3OP0O6, RFP30P06, 
SEMICONDUCTOR RF1S30P06, RF1IS30P06SIM 


30A, 60V, Avalanche Rated, P-Channel 


March 1995 Enhancement-Mode Power MOSFETs 
Features Packages 
e 30A, 60V JEDEC STYLE TO-247 


° TDS(ON) = 0.06522 


¢ Temperature Compensating PSPICE Model DRAIN 


e Peak Current vs Pulse Width Curve (BOTTOM 

e UIS Rating Curve SIDE METAL) 

° +175°C Operating Temperature , | 
Description 


The RFG380P06, RFP30P06, RF1IS30P06, and 
RF1S30PO6SM P-Channel power MOSFETs _ are 
manufactured using the MegaFET process. This process, 
which uses feature sizes approaching those of LSI circuits 
gives optimum utilization of silicon, resulting in outstanding DRAIN 
performance. They were designed for use in applications (FLANGE) 
such as switching regulators, switching converters, motor 
drivers, and relay drivers. These transistors can be operate | 
directly from integrated circuits. ; 

PACKAGE AVAILABILITY 


PARTNUMBER | PACKAGE | BRAND JEDEC TO-262AA 
| RFG30P06 TO-247 RFG30P06 SOURCE 
RFP30P06 TO-220AB RFP30P06 saan 


JEDEC TO-220AB 
SOURCE 


RF1S30P06 TO-262AA F1S30P06 (FLANGE) 
RF1S30PO06SM TO-263AB F1S30P06 


NOTE: When ordering, use the entire part number. Add the suffix, 9A, 
to obtain the TO-263AB variant in tape and reel, i.e. RF1S30PO6SM9A. 


P-CHANNEL 
POWER MOSFETs 


Formerly developmental type TA09834. 


Symbol : D 
Ss 


Absolute Maximum Ratings T, = +25°C 


DRAIN 
(FLANGE) 


RFG30P06, RFP30P06 
RF1S30P06, RF1S30PO6SM UNITS 

Drain SOURCE VONEGS a) aku ace Set gin Geld S godine see way aw ape, eS Voss -60 V 
Drain Gale Voltage suc .sesoa wi hee ete eae ee BER Awe es eta VparR -60 V 
Gale Source VONAGE 5 sckeNeuVide thee tuie Die irae Ss Rede eed Vas +20 V 
Drain Current 

AMS: COnNNUOUSs cass. eee eae eee coke tao eee eee ee seeeee ee wes Ip 30 A 

PuIS6d Drain: CUNENE carro veta cee aww rue ewe ae esas rer lpm Refer to Peak Current Curve 
Single Pulse Avalanche Rating .......... 0.0... cc eee cee eee eee eee eas Eas Refer to UIS Curve 
Power Dissipation 


Me 5 ik conc cctsty een atin guste aos paved aeenaee aaa ean P5 120 Ww 
Defate above: 425°C ig ccc Sa aiine acne dae noe ee kee tae tase ee aes Pr 0.9 W/°C 


Operating and Storage Temperature ............. 2. cece eee eens Ty, Tstg -55 to +175 a @ 
Soldering Temperature of Leads for 10S .......... cee eee Th 260 °C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD handling procedures. File Number 2437.1 
Copyright © Harris Corporation 1995 4-45 


- Specifications RFG30P06, RFP30P06, RF1S30P06, RF1S30PO6SM 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


_rananerenT oeipon [ vesrconorons [uw [rer [wax [ons 
[Bansounssccmvome [Was [esmmmverm [= {| |v 
hana Gel 
Gate-Source Leakage Current ee oe 
[osc 

| tow 

[too 


‘ 
— 

= 
> 


: 
> 


3 
> 


TDS(ON) Ip = 30A, Vas = -10V 


Vpop = -30V, ID = 15A 
R, = 2.00Q, Veg = -10V 
Res = 6.252 


a ce 
Turn-Off Delay Time 
Turn-Off Time torr 
Total Gate Charge . | Sacon | Ves =0to-20V | Vpp = -48V, 

. Ip = 30A, 
Gate Charge at -10V | Veg=0to-10V | R= 1.62 


Threshold Gate Charge Veg = 0 to -2V 


100 


140 170 


~] 
) 
= 3 
QF Oo 


3 
©) 


Vps = 25V, Veg = OV 
f = 1MHz 


no] 
Tn 


~ 800 


175 


ne) 
7h 


1.11 


( OC/W 
Le ee oe 


no) 
7 


Source-Drain Diode Specifications 


PARAMETER SYMBOL TEST CONDITIONS | MIN | Typ | MAX | UNITS 
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RFG3OP06, RFP30P06, RF1S30P06, RF1S30PO6SM 


Typical Performance Curves 


mg ase “ion as ao 
ieee “ilies on 


ai 
IDBee ese “aa aaa ll 


B 
\ipatle Aa _| 


eo 20lllR 


OPERATION IN THIS 
AREA MAY BE i 
LIMITED BY rpgion) — 


ee 


1 -10 -100 - 


Zaye: NORMALIZED 
THERMAL RESPONSE 


Ip, DRAIN CURRENT (A) 


NOTES: 
DUTY FACTOR: D = ty/to 
PEAK Ty = Pom x Zouc + Tc 
105 ~— 104 10° 102 10°! 10° 10! 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) t, RECTANGULAR PULSE DURATION (s) 


1 


FIGURE 1. SAFE OPERATING AREA CURVE FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 


Tc = +25°C 


FOR TEMPERATURES ABOVE +25°C 
DERATE PEAK CURRENT 
CAPABILITY AS FOLLOWS: 


Ht eo 
8 ai RT 


ae SELL ER 
wayuimercunreny CHAM | LIL LUT 


IN THIS REGION 


ip, DRAIN CURRENT (A) 


P-CHANNEL 
POWER MOSFETs 


low, PEAK CURRENT CAPABILITY (A) 


10°5 104 10°3 10°2 10° 0! 
Tc, CASE TEMPERATURE (°C) t, PULSE WIDTH (s) 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs FIGURE 4. PEAK CURRENT CAPABILITY 
TEMPERATURE 


PULSE DURATION = 250u1s, To = +25°C 


PULSE TEST 
PULSE DURATION = 250us 
DUTY CYCLE = 0.5% MAX 


Ip, DRAIN CURRENT (A) 
Inon), ON STATE DRAIN CURRENT (A) 


0.0 -2.0 -4.0 6.0 -8.0 -10.0 0.0 -2.0 -4.0 -6.0 -8.0 -10.0 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) Vgs, GATE-TO-SOURCE VOLTAGE (V) 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFG30P06, RFP30P06, RF1S30P06, RF1S30P06SM 


Typical Performance Curves (continued) 


rps(on), NORMALIZED ON RESISTANCE 


PULSE DURATION = 250s, Vgs = -10V, Ip = -30A 


Ty, JUNCTION TEMPERATURE (°C) 


Vas = Vos: !p = - 250nA 


Vast), NORMALIZED GATE 
THRESHOLD VOLTAGE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED rpgion) VS JUNCTION TEMPERATURE FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 


BVpss, NORMALIZED DRAIN-TO-SOURCE 


BREAKDOWN VOLTAGE 


Ip = -250nA 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN 


C, CAPACITANCE (pF) 


VOLTAGE vs TEMPERATURE 


Ves = OV, f= 1MHz 
4000 


3000 


2000 


1000 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE 


TEMPERATURE 


POWER DISSIPATION MULTIPLIER 


Tc, CASE TEMPERATURE (°C) 


FIGURE 10. NORMALIZED POWER DISSIPATION vs 
TEMPERATURE DERATING CURVE 
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oO 

& -30.0 oe e 

ro) 

a 0.75 BVpss ® 

z be 

< 0.50 BVpss 0.50 BVpss— 25 § 

a 0.25 BVpss 0.25 BVpss o 

£ > 

a6 ) ; 0.0 
G(REF) 'G(REF) 
Le eS t, TIME (us) = 805 
G(ACT) G(ACT) 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO 
APPLICATION NOTE AN7254 AND AN7260 


RFG30P06, RFP30P06, RF1S30P06, RF1S30P06SM 


Typical Performance Curves (continued) 


| 
SS C) 


STARTING T, = +150°C 
eee ee eee » * Ss 
et ST 
~ m8 

IfR=0 

tay = (L) (las) / (1.3 RATED BVpgs - Vpp) 

IfR +0 

tay = (LIR) In [(Iag*R) / (1.3 RATED BVpgg - Vpp) + 1] 


las, AVALANCHE CURRENT (A) 


0.1 1 10 100 
tay, TIME IN AVALANCHE (ms) 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING. REFER TO HARRIS APPLICATION NOTES AN9321 AND AN9322 


Test Circuits and Waveforms 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


Ves 
FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 
ton torr 
Vop 
to(on) to(orF) 
RL Vbs 10% 
Vos 
OV DUT 90% 
Ves 
Ves Res 
50% 
PULSE WIDTH 
90% 
FIGURE 16. RESISTIVE SWITCHING TEST CIRCUIT — FIGURE 17. RESISTIVE SWITCHING WAVEFORMS 
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P-CHANNEL 
POWER MOSFETs 


RFG30P06, RFP30P06, RF1S30P06, RF1S30P06SM 


Temperature Compensated PSPICE Model for the 
RFG30P06, RFP30P06, RF1S30P06, RF1S30P06SM 


SUBCKT RFP30P06 2 1 3; 
REV 8/21/94 


CA 12 8 3.23e-9 ESG 
CB 15 14 3.23e-9 eg 


CIN 6 8 3.08e-9 10 (= 


DBODY 5 7 DBDMOD 
DBREAK 7 11 DBKMOD 
DPLCAP 10 6 DPLCAPMOD 


EBREAK 5 11 17 18 -77.3 

EDS 148581 

EGS 138681 DPLCAP =- 

ESG5 10861 16 

EVTO 2068 18 1 
GATE EVTO I 


IT8 17 1 1 


LDRAIN 2 5 16-9 | RIN 
LGATE 1 9 4.92e-9 
LSOURCE 3 7 4.60e-9 


CIN 


MOS1 16 6 8 8 MOSMOD M=0.99 
MOS2 16 21 8 8 MOSMOD M=0.01 


S1A S2A 
12 1 1 15 
RBREAK 17 18 RBKMOD 1 1 
RDRAIN 50 16 RDSMOD 39.85e-3 . S1iB ¢ > S$2B 
RGATE 9 20 2.34 13 cB 
CA 14 


RIN 6 8 169 : : 
RSCL15 51 RSCLMOD 1e-6 

RSCL2 5 50 163 EGS (=) EDS (=) 
RSOURCE 8 7 RDSMOD 2.566e-3 . \ 
RVTO 18 19 RVTOMOD 1 


° 


ofc; i © 
ole 


S1A 6 12 13 8 S1AMOD 
$1B 13 12 13 8 SiBMOD 
S2A 6 15 14 13 S2AMOD 
$2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 216 -0.81 


ESCL 51 50 VALUE={(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1e6/114,5))} 


.MODEL DBDMOD D (IS=4.7e-13 RS=1.31e-2 TRS1=1.39e-4 TRS2=-4.77e-6 CUO=2.85e-9 TT=8.81 e-8) 


MODEL DBKMOD D (RS=2.23e-1 TRS1=1.97e-3 TRS2=-2.37¢e-5) 
.MODEL DPLCAPMOD D (CJO=0.78e-9 IS=1e-30 N=10) 

.MODEL MOSMOD PMOS (VTO=-3.75 KP=10.83 IS=1e-30 N=10 TOX=1 L=1u W=1u) 
-MODEL RBKMOD RES (TC1=9.08e-4 TC2=-1.72e-6) 

.MODEL RDSMOD RES (TC1=5.01e-3 TC2=1.02e-5) 

.MODEL RSCLMOD RES (TC1=2.09e-3 TC2=5.88e-7) 

-MODEL RVTOMOD RES (TC1=-2.99e-3 TC2=1.406-6) 

-MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=3.4 VOFF=1.4) 
MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=1.4 VOFF=3.4) 
.MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=1.2 VOFF=-3.8) 
-MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-3.8 VOFF=1.2) 


ENDS 


9g 20 +, 1 8 - 6 
: MOS1 
LGATE RGATE 


RSOURCE . LSOURCE 


EBREAK 


DRAIN 
> 2 
LDRAIN 
"1 DBODY 


DBREAK 


p 3 


SOURCE 
RBREAK 
RVTO 
Or | 
= VBAT 


NOTE: For further discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 


Temperature Options; authors, William J. Hepp and C. Frank Wheatley. 
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Ss 


SEMICONDUCTOR 


Ht 


December 1995 


Features 

¢ 60A, 30V 

* Tps(on) = 0.0272 

e Temperature Compensating PSPICE Model 
¢ Peak Current vs Pulse Width Curve 

e UIS Rating Curve 

¢ +175°C Operating Temperature 


Description 


The RFG6OPO3, RFP60P03, -RF1S60P03 and 
RF1S60P03SM P-Channel power MOSFETs are manufac- 
tured using the MegaFET process. This process, which uses 
feature sizes approaching those of LSI integrated circuits 
gives optimum utilization of silicon, resulting in outstanding 
performance. They were designed for use in applications such 
as switching regulators, switching converters, motor drivers 
and relay drivers. These transistors can be operated directly 
from integrated circuits. 


PACKAGE AVAILABILITY 


[PARTNUMBER [ PACKAGE | BRAND 
| 
RFIS6OPOG 


NOTE: When ordering use the entire part number. 


Formerly developmental type TA49045. 


| 
S 


Absolute Maximum Ratings T, = +25°C 


Symbol 


Drain Source Voltage. .i34:4 02 is da iantweeiteccsone nest awaeee de 
Dain Gale: VONAGS x wen iiin ane cate wees Reuwee be eye ween eon 


Gate Source Voltage 
Drain Current 


Single Pulse Avalanche Rating 
Power Dissipation 


Te = 425°C hg yises Ter eal a) apa ae eh At wee NE. Oy ay os ate ahs es, We ee 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD handling procedures. 
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RFG60P03, RFP60P03, 


RF1S60P03, RF1S60P03SM 


60A, 30V, Avalanche Rated, P-Channel 
Enhancement-Mode Power MOSFETs 


Packages 


JEDEC STYLE T0O-247 


DRAIN 
(BOTTOM 
SIDE METAL) 


JEDEC TO-220AB 
SOURCE 


DRAIN 
(FLANGE) 


JEDEC TO-262AA 
SOURCE _ 


P-CHANNEL 
POWER MOSFETs 


. DRAIN 
y—*— (FLANGE) 


RFG60P03, RFP60P03, 


RF1S60P03, RFS60P03SM UNITS 
ated gies Raebe Vpss -30 V 
Ce VpcrR -30 V 
aie ara wees aie Ves +20 V 
can aee ath anten ee Ip 60 A 
saline ane pared Bowe lpm Refer to Peak Current Curve 
sane ae Eas Refer to UIS Curve 
Sap nto iiar alae Sate Pp 176 Ww 
nae he Cae eegt Py 1.17 WPC 
sala aideney ne nan Ty, Tst¢ -55 to +175 a @ 


File Number 3951.1 


| Total Gate Charge ia | Qecor | Vas=0to-20V | Vpp =-24V, 230 nc 
Gate Charge at 10V Qevio) | Vag=Oto-10v | R,=0.40 120 C 


Specifications RFG60P03, RFP60P03, RF1S60P03, RF1S60P03SM 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified. 


_rananerens [sieoe | vesrconorons [ww [ie [ wax [uns 
[Pansoreesaamnvemm | Som [oreeaver™ t= | | |v 
[ewormemenvomin | Vaso [vornvoosaon f @ | [= |v 
| Zero Gate Voltage Drain Current | 1 pA 


Ip = 60A, Vgg = -10V 


>) 
> 


Gate-Source Leakage Current 


Veg = £20V 


On Resistance | 0.027 


> 


=] = 
nN mI 


Turn-On Time 


Vop = -15V, Ip = 60A 
Ri. = 0.25Q, Veg = -10V 
Regs = 2.52 


Turn-On Delay Time tp(on) 


Rise Time 


Turn-Off Delay Time tp(OFF) 


Fall Time 


~- 
nN 


Turn-Off Time 115 


2} 


F 


Threshold Gate Charge 


oO 
| 
Q 


Ves = 0 to -2V 


Vps = -25V, Ves =0V 
f = 1MHz 


Qetn) 


Input Capacitance 3000 


Ciss 


1500 


Output Capacitance _ 


Ts 


Coss 


Reverse Transfer Capacitance pF 


z es Por 


Source-Drain Diode Ratings and Specifications 


PARAMETERS (| SYMBOL TEST CONDITIONS | min | TYP | MAX — UNITS 


Crss_ | 


™N ~ 
co) 


Tb 


Thermal Resistance, Junction to Case 
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RFG60P03, RFP60P03, RF1S60P03, RF1S60P03SM 


Typical Performance Curves 


Ip, DRAIN CURRENT (A) 


Ip, DRAIN CURRENT (A) 


Te = +25°C 


OPERATION IN THis 4 
AREA MAY BE 
LIMITED BY "DS(ON) 


1 -10 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 1. SAFE OPERATING AREA CURVE 


Tc, CASE TEMPERATURE (°C) 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 


Ip, DRAIN CURRENT (A) 


TEMPERATURE 


PULSE DURATION = 250us, Tc = +25°C 


-120 
-90 
-60 
-30 on 
Ves = -4.5V Ves = -5V 
0.0 “1.5 -3.0 -4.5 -6.0 -7.5 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 
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Ip(ony ON STATE DRAIN CURRENT (A) 


1 aa 
mane 
icon ce 


0.2 delete TTT al 


0.4 sil 


Zeuc, NORMALIZED 
THERMAL RESPONSE 


| PEAK Ty = Pom X Zouc +Tc> 
104 10° 10° 10°! 10° 1 
t, RECTANGULAR PULSE DURATION (s) 


| 
NOTES: | 
DUTY FACTOR: D = t/t, : 

i) 


FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 


Te = +25°C 

-10° Tt cs re Rn A ee a er ace tl 
FOR TEMPERATURES ABOVE +25°C 

SO TT OERATE PEAK CURRENT 


-_ 


175 - To 
150 


. 
—_ 
o 

nN 


TRANSCONDUCTANCE ‘iawn a 
MAY LIMIT CURRENT == ae 


lpm, PEAK CURRENT CAPABILITY (A) 


IN THIS REGION COT CST 
50 mil 7 fo coh 
10 105 104 10° 10°2 10°! 10° 10! 


t, PULSE WIDTH (ms) 


FIGURE 4. PEAK CURRENT CAPABILITY 


' 
oh 
NO 
fo) 


PULSE TEST 
PULSE DURATION = 250us 
DUTY CYCLE = 0.5% MAX 


-2.0 -4.0 -6.0 -8.0 
Vas, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 


P-CHANNEL 
POWER MOSFETs 


RFG60P03, RFP60P03, RF1S60P03, RF1S60P03SM 


Typical Performance Curves (continued) 


PULSE DURATION = 250us, Veg = -10V, Ip = -60A 


'ps(on)» NORMALIZED ON RESISTANCE 


“80 -40 0 40 #4280 120 160 #200 
Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED rpsyony VS JUNCTION 
TEMPERATURE 


Ip = -250uA 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 


T, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN 
VOLTAGE vs TEMPERATURE 


Ves = OV, f = 1MHz 


C, CAPACITANCE (pF) 


0 5 -10 15 -20 -25 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE 


Vas = Vps; Ip = - 250A 


Vestn)» NORMALIZED GATE 
THRESHOLD VOLTAGE 


-80 -40 0 40 80 120 160 200 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE 


POWER DISSIPATION MULTIPLIER 


0 25 50 75 100 125 150 175 
Tc, CASE TEMPERATURE (°C) 


FIGURE 10. NORMALIZED SWITCHING WAVEFORMS 


-10.0 


‘ 
N 
oa 


a 
o 
Ves, GATE-SOURCE VOLTAGE (V) 


0. 25 BVoss 0.25 Reap -2.5 


NS 


t, TIME (us) 


Vps, DRAIN-SOURCE VOLTAGE (V) 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO 
APPLICATION NOTE AN7254 AND AN7260 
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RFG60P03, RFP60P03, RF1S60P03, RF1S60P03SM 


Typical Performance Curves (Continued) 


-200 
CoMnMISCS STARTING T, = +25°C | 
ve LTITINTN 


Th 
aa 
ETB SINE 
i Gea TT 


Som Os Bi poet ooe eT HET 


IfR=0 
tay = (L) (las) / (1.3RATED BVpss - Vpp) 


ifR +0 


las, AVALANCHE CURRENT (A) 


-10 , 
0.01 0.1 1 10 


tay, TIME IN AVALANCHE (ms) 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 


Test Circuits and Waveforms 


2 
ad tt 
wo 

VARY tp TO OBTAIN > < 
REQUIRED PEAK las < za 
O ui 
ov aS 
aio e 
| tp 
Ves 
FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 
ton torr 
to(on) to(oFF) 
ta te 
Ri Vos 10% 
Vos 
ov OUT 90% 
Ves 
Ves Res 
50% 
PULSE WIDTH LS 
90% 
FIGURE 16. RESISTIVE SWITCHING TEST CIRCUIT FIGURE 17. RESISTIVE SWITCHING WAVEFORMS 
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RFG60P03, RFP60P03, RF1S60P03, RF1S60P03SM 


Temperature Compensated PSPICE Model for the 
RFG60P03, RFP60P03, RF1S60P03, RF1S60P03SM 


.SUBCKT RFP60P03 2 1 3 REV 6/21/94 


CA 12 8 5.01e-9 
CB 15 143.9e-9 
CIN 6 8 3.09e-9 


DBODY 5 7 DBDMOD 

DBREAK 7 11 DBKMOD 

DPLCAP 10 6 DPLCAPMOD ESG 

5 DRAIN 


_ + 

EBREAK 5 11 17 18 -36.59 =) 

EDS 14858 1 RDRAIN 

EGS 13868 1 | DPLCAP + 


ESG5 10861 16 EBREAK(4") 
EVTO 2068 18 1 bea - WY vsopy 


GATE RGATE EVTO 
IT8 171 *(18)- | 11 
9¥¥Y 20\8 51] Mos1 
LDRAIN 2 5 16-9 eee 
LGATE 1 9 4.92e-9 ae oN 
LSOURCE 3 7 2.36e-9 @ | RsouRcE| | | LsouRcE 
SOURCE 


" e 2 
LDRAIN 


MOS1 16 6 8 8 MOSMOD M=0.99 
MOS2 16 21 8 8 MOSMOD M=0.01 nese 
RBREAK 1718 RBKMOD 1 __ 
RDRAIN 5 16 RDSMOD 1te-4 
RGATE 9 20 3.25 

RIN 68 1e9 | 
RSOURCE 8 7 RDSMOD 11.28e-3 
RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 
$1B 13 12 13 8 SiBMOD 
S2A 6 15 14 13 S2AMOD 
$2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 -0.92 


MODEL DBDMOD D (IS=4.21e-13 RS=1e-2 TRS1=-2.69e-4 TRS2=-1.33e-6 CJO=5.05e-9 TT=5.33e-8) 
.MODEL DBKMOD D (RS=3.80e-2 TRS1=-4.76e-4 TRS2=-4.17e-12) 

.MODEL DPLCAPMOD D (CJO=4.05e-9 IS=1e-30 N=10) 

.MODEL MOSMOD PMOS (VTO=-3.98 KP=16.27 IS=1e-30 N=10 TOX=1 L=1u W=1u) 
.MODEL RBKMOD RES (TC1=8.05e-4 TC2=1.48e-6) 

.MODEL RDSMOD RES (TC1=2.80e-3 TC2=2.62e-6) 

,MODEL RVTOMOD RES (TC1=-3.34e-3 TC2=1.46e-6) 

MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=7.5 VOFF=4.5) 

.MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=4.5 VOFF=7.5) 

.MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=1.43 VOFF=-3.57) 
,MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-3.57 VOFF=1.43) 


-ENDS | 


NOTE: For further discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options; authors, William J. Hepp and C. Frank Wheatley. 
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FARRIS 


SEMICONDUCTOR 


a 


RFG60P05E 


60A, 50V, ESD Rated, Avalanche Rated, P-Channel 


December 1995 


Features 

e 60A, 50V 

© Tps(on) = 0.0302 

¢ Temperature Compensating PSPICE Model 
e 2kV ESD Rated 

e Peak Current vs Pulse Width Curve 

e UIS Rating Curve 

e +175°C Operating Temperature 


Enhancement-Mode Power MOSFET 


Package 
JEDEC STYLE TO-247 


SOURCE 


Description 
DRAIN (BOTTOM SIDE METAL) 
The RFG6OPO5E P-Channel power MOSFET is manufac- 
tured using the MegaFET process. This process, which uses 
feature sizes approaching those of LSI circuits gives opti- 
mum utilization of silicon, resulting in outstanding perfor- Symbol 
mance. They were designed for use in applications such as 
switching regulators, switching converters, motor drivers and D 
relay drivers. These transistors can be operated directly 
from integrated circuits. 
PACKAGE AVAILABILITY G 
PART NUMBER | PACKAGE BRAND 
_RFG60P05E TO-247 RFG60PO05E S 
NOTE: When ordering use the entire part number. 
Formerly developmental type TA09835. 
Absolute Maximum Ratings T, = +25°C 
RFG60P05E UNITS 

Drain: SOUrCe VON § o0.4 wis oe ai ears he ale yea UO wa WSN ANS oe Vpss 50 V 
Drain: Gate Voltage: se iiawieucccav ee wens B6ete esd ete ede eue tee acee Vpcr -50 V 
Gate:SOurce VONAGe 5 iar he ethno tan Ste hewi es Fades Ovo aes 4 Vas +20 V 
Drain Current 

AMS Continuous .2..46.%-lctven visas eels eedetawe biciied Phe neneddewe Ip 60 A 

Pulsed: Drain Current... abstained eS yaa we eee enna deed aw tales lom Refer to Peak Current Curve 
Single Pulse Avalanche Rating... 0.0... 0... cee cece eee eee ee eens Eas Refer to UIS Curve 
Electrostatic Discharge Rating .......... 0. ccc ccc cece cnet eens Eon 2 KV 

MIL-STD-883, Category B(2) 
Power Dissipation 

To = +25°C ah Se Sb gS ers Ses 6 we I Sie es hw NE ee aw a ee eR ae eS are a See ee eG a a aw Ge Pp 215 W 

Dérate abCV6'4: 20°C ssn cy cee tse setae youn eGau ee dy. Peeueee eee 1.43 Ww/°C 
Operating and Storage Temperature.......... 0.0... cee eee eee eee Ty, Tst¢G -55 to +175 °C 
Soldering Temperature of Leads for 10S...... 0... 0... cece eee eee eee Ty 260 °C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
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File Number 2745.4 


P-CHANNEL 
POWER MOSFETs 


Specifications RFG60P05E 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


[rananeren [swoon [vesreonomons [wm [ve [ux [ ers 
Se MN 
Gate Threshold Voltage Vascth) -4 V 


TDS(ON) Ip = 60A, Vas =-10V 


Zero Gate Voltage Drain Current 


= 


Gate-Source Leakage Current lass Vas = £20V 


On Resistance 
Turn-On Time Vpp = -25V, Ip = 30A 
R,. = 0.83Q, Ves = -10V 


Turn-On Delay Time Res = 2.52 


to(on) 


Rise Time 
Turn-Off Delay Time to(oFF) 


Fall Time 


qh 


Turn-Off Time 


| Total Gate Charge 


torr 


3 
O 


2 


Vas = 0 to -20V 
Ves = 0 to-10V 


Ves = 0 to -2V 


Qerton) 


3 
© 


Gate Charge at -10V | = Q6¢-10) 


Threshold Gate Charge 


or 
| 
.?) 


QectH) 


Input Capacitance Vos = -25V, Veg = OV 


f = 1MHz 


no} 
T 


Ciss 


Output Capacitance 


no) 
mn 


Coss 


Reverse Transfer Capacitance 


a2] 
a 


Crass 


oO 
“J 
i=) 

°o 
Q 
= 


Thermal Resistance 
Junction to Case 


Thermal Resistance : Rey °C/W 
Junction to Ambient 
Source-Drain Diode Specifications 


PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Be) 
5 
r?) 
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RFG60P05E 


Typical Performance Curves 


-500 


<= -100 
- 

a 

ud 

cc 

« 

a | 

(©) 

z 

= -10 
3 OPERATION IN THIS 


AREA MAY BE 
LIMITED BY rpsion) 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 1. SAFE OPERATING AREA CURVE 


Ip, DRAIN CURRENT (A) 


25 50 75 100 125 150 175 
Tc, CASE TEMPERATURE (°C) 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 


PULSE DURATION = 250us, Tc = +25°C 
-160 


“120 


Ip, DRAIN CURRENT (A) 
& & 
=) ° 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 


-- CER CRN OS at 
Seti oo HH too -_" -_—- 


Co 


CH toh lee ait mt ttt HH 


iii ae" oo 
Tt 
isan ifm ei 
ier “A | 


wr 


easier 
iar i = 
mens f 
ae Qawali iam CTI i 
a6 rom tit 


tT TT 


Zeuc, NORMALIZED 
THERMAL RESPONSE 


DUTY FACTOR: D = ty/to 
i PEAK Ty = Poy X Zac + Te 
10°° 104 10°3 10° 10°! 10° 10' 
t, RECTANGULAR PULSE DURATION (s) 


FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 


IMPEDANCE 
, Te = +25°C 
-500 
< 
2 | DERATE PEAK CURRENT 
a ig eee AS FOLLOWS: 
fee) 
4 
a 175 -T, 
al HU +f Fe) 
; | hy | Nl 
= 
li 
c 
: S 
2-100 LS eg 
a TRANSCONDUCTANCE 
a. MAY LIMIT CURRENT 
z IN THIS REGION 
-50 
10° 104 10° 10°72 10' 


t, PULSE WIDTH 


FIGURE 4. PEAK CURRENT CAPABILITY 


Vop = =1 5V 


' 
ay 
o 
o 


PULSE TEST 
PULSE DURATION = 250us 
DUTY CYCLE = 0.5% MAX 


a 
=a 
nN 
oO 


Ip(on)» ON-STATE DRAIN CURRENT (A) 
] 
°o 


Vas, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFG60P05E 


Typical Performance Curves (Continued) 


PULSE DURATION = 250us, Vgg = -10V, Ip = -60A 


rps(on)» NORMALIZED ON RESISTANCE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED rpsion) VS JUNCTION 
TEMPERATURE 


Ip = -250uA 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN 
VOLTAGE vs TEMPERATURE 


Ves = OV, f = 1MHz 
8000 


6000 


4000 


C, CAPACITANCE (pF) 


2000 


0 5 -10 15 20 # £-25 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE 


Ves = Vos; Ip = -250uA 


Vesta)» NORMALIZED GATE 
THRESHOLD VOLTAGE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE 


POWER DISSIPATION MULTIPLIER 


0 25 50 75 100 125 150 175 
Tc, CASE TEMPERATURE (°C) 


FIGURE 10. NORMALIZED POWER DISSIPATION vs 
TEMPERATURE DERATING CURVE 


-10.0 


a 
2° 
=) 


8 
[*) 
N 
a 


0.50 BVpss a 0.50 BVpss — 
0.25 BVpsg (0.25 BVnsg 


Vps, DRAIN-SOURCE VOLTAGE (V) 
dk 
© 

Vgs, GATE-SOURCE VOLTAGE (V) 


lg (REF) 


I 
20 G (REF) 


t, TIME (us) 80; 
G(ACT) 


G (ACT) 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO 
APPLICATION NOTE AN7254 AND AN7260 
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RFG60P05E 


Typical Performance Curves (continued) 


-200 


IfR =0 


las, AVALANCHE CURRENT (A) 


ifR #0 


-10 


0.01 0.1 


STARTING Ty = +150°C 


tav = (L) (lag) / (1.3RATED BVpgs - Vpp) 


tay, TIME IN AVALANCHE (ms) 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 


Test Circuits and Waveforms 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK Ias 


OV 


FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT 


Ri 


Vos DUT 


FIGURE 16. RESISTIVE SWITCHING TEST CIRCUIT 


BVpss 


FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 
ton torr 
to(on) —>|to(oFF) 


te 


10% 


90% 


PULSE WIDTH i 


FIGURE 17. RESISTIVE SWITCHING WAVEFORMS 
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RFG60P05E 


Temperature Compensated PSPICE Model for the RFG60P05E 
SUBCKT RFG60PO5E 2 1 3; REV 9/20/94 


CA 12 8 1.01e-8 
CB 15 14 1.05e-8 
CIN 6 8 6.9e-9 


DBODY 5 7 DBDMOD 
DBREAK 7 11 DBKMOD ESG 
DPLCAP 10 6 DPLCAPMOD 10 ae 5 DRAIN 
| ie 

EBREAK 5 11 17 18 -76.35 =e RDRAIN oa 
EDS 148581 EBREAK 7s 
EGS 13868 1 DPLCAP ‘a @ 
ESG510861 vTO 

p D Y 
EVTO 2068 18 1 EVTO “4II Mmos2 sa 


al 1 


IT8 171 MOS1 


LDRAIN 2 5 1e-9 RIN CIN DBREAK 


LGATE 1 9 7.9e-9 
LSOURCE 37 4.18e-9 | g | RSOURCE LSOURCE 


7 
MOS1 16 6 8 8 MOSMOD M = 0.99 S1AQ  6S2A SOURCE 
MOS2 16 21 8 8 MOSMOD M = 0.01 12 O75 TI 15 17 FIBREAK 


RBREAK 17 18 RBKMOD 1 S1B9 «9 Sa | 
RDRAIN 5 16 RDSMOD 12.83e-3. - 13 RVTO 
RGATE 9 20 1.5 | i Oh) 


RIN 6 8 1e9 = o sete 14 


RSOURCE 8 7 RDSMOD 3.25e-3 i y se Veat 
RVTO1819RVTOMOD1 eas (¢) EDS (3) = 


S1A 6 12 13 8 S1AMOD 
S$1B 13 12 13 8 SiBMOD 
S2A 6 15 14 13 S2AMOD 
$2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 -0.83 


.MODEL DBDMOD D (IS = 1.24e-12 RS = 4.72e-3 TRS1 = 1.43e-3 TRS2 = -4.91e-7 CUO = 6.98e-9 TT = 1.5e-7) 
-MODEL DBKMOD D (RS = 1.11e-1 TRS1 = 1.34e-3 TRS2 = 4.46e-12) 

MODEL DPLCAPMOD D (CJO = 15e-10 IS = 1e-30 N = 10) 

.MODEL MOSMOD PMOS (VTO = -3.71 KP = 31.5 IS = 1e-30 N= 10 TOX = 1 L = 1u W = 1u) 
.MODEL RBKMOD RES (TC1 = 9.42e-4 TC2 = 0) 

.MODEL RDSMOD RES (TC1 = 5.85e-3 TC2 = 7.69e-6) 

MODEL RVTOMOD RES (TC1 = -3.39e-3 TC2 = 1.07e-6) 

.MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 4.6 VOFF = 2.6) 

-.MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 2.6 VOFF = 4.6) 

.MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 1.16 VOFF = -3.84) 

.MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -3.84 VOFF = 1.16) 


-ENDS 


For further discussion of the PSPICE model, consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global Temperature 
Options; written by William J. Hepp and C. Frank Wheatley. 
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a HARRIS RFG60PO06E 


60A, GOV, ESD Rated, Avalanche Rated, P-Channel 


January 1996 Enhancement-Mode Power MOSFET 
Features Package 
¢ 60A, 60V JEDEC STYLE TO-247 
° DS(ON) = 0.030 ; SOURCE 


¢ Temperature Compensating PSPICE Model 
e 2kV ESD Rated 

e Peak Current vs Pulse Width Curve 

e UIS Rating Curve 

* +175°C Operating Temperature 


Description 


The RFG60PO6E P-Channel power MOSFET is manufac- 
tured using the MegaFET process. This process, which uses 
feature sizes approaching those of LSI circuits gives opti- 
mum utilization of silicon, resulting in outstanding perfor- 
mance. They were designed for use in applications such as Symbol 
switching regulators, switching converters, motor drivers and 
relay drivers. These transistors can be operated directly from 


DRAIN (BOTTOM SIDE METAL) 


@ 
integrated circuits. D = tu 
The RFG60PO6E incorporates ESD protection an is = 5 
designed to withstand 2kV (Human Body Model) of ESD. S = 

PACKAGE AVAILABILITY a o 
: iS 
PART NUMBER PACKAGE BRAND ro) 
a. 
RFG60PO6E TO-247 RFG60PO06E Ss 
NOTE: When ordering use the entire part number RFG60POGE. 
Formerly developmental type TA09835. 
Absolute Maximum Ratings T, = +25°C 
RFG60P06E UNITS 
Drain Source VONWEQS 602 cin sot oo y exna towels Boe 6 a aly hie wee ea beeps Voss -60 V 
Drath Gate. Volade: is antecgexreiei elo ged Renews ae SSeS eRe eee Vee VoaR -60 V 
Gala Soils Vollade cise inveltaamue wae sha aeoahdar cia Seenrtaes Ves +20 7 . V 
Drain Current 
AMS COnUnuaus 46 cou fala case bad Pet Rene Ake RE ee eee eae ye e-<g ID 60 A 
Pulsed Drally Currenbaw-. cee sige, acae voxonrs Biavereat ew aun Stee Lge Sat RAE sige te Gee eat low Refer to Peak Current Curve 
Single Pulse Avalanche Rating. ........ 0.0.0... cece cece eee ete eee teens Eas Refer to UIS Curve 
Electrostatic Discharge Rating ......... 0.0... 0c cece eee ee eens Esp 2 KV 
MIL-STD-883, Category B(2) 
Power Dissipation 
Vee toe Ca thc Slt h oe eee daha nm Gs Pu khan etka ee Pp 215 W 
Detate ADOVE 425°C sui4 oe oi Sera Be aia eaw aan aeeal a eee we ese es 1.43 . WC 
Operating and Storage Temperature... ..... 0.0.0... ccc eee eee Ty, Tste -55 to +175 °C 
Soldering Temperature of Leads for 10S.........0 0.0.0 cee ccc eee e ete aes Th 260 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 3989.2 


igh Harri tion 199 
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Specifications RFG60P06E 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified | 


a 
[Pansorseaawmvene | Boe [ersoaver™ | = | | | 
Ss 
Zero Gate Voltage Drain Current cee ee ee ee ee 


To = +150°C 
Gate-Source Leakage Current 


Veg = 420V 


Ry = 1.02, Veg = -10V 
ee a ke 
Turn-Off Time torr Le a ge 125 
Total Gate Charge . Qecrot) Vas = 0 to -20V oe 450 | n 


Gate Charge at -10V Q@\-10) Vas =0to-10V 

Threshold Gate Charge QectH) Ves = 0 to -2V 

Input Capacitance Ciss Vos = -25V, Ves = OV 
f = 1MHz 

Output Capacitance acs Led 1700 pf 

Reverse Transfer Capacitance Crss a pF 


Thermal Resistance Resc 0.70 °C/W 
Junction to Case 

Thermal Resistance Resa °C 
Junction to Ambient 


Source-Drain Diode Specifications 


PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | MAX UNITS 


nc 
pF 


ee 
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RFG60PO06E 


Typical Performance Curves 
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Tc, CASE TEMPERATURE (°C) 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 


PULSE DURATION = 250us, Ee) +25°C 


7 Zan 


ee ae 
Zn EE WE 


<TD ES ES CT 
0.0 2 4 Fr 8 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


Ip» DRAIN CURRENT (A) 
& 
oS 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 
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DUTY FACTOR: D = ty/tp 
PEAK T, = Pom X Zac +T¢ 


~ 405 104% 103 10°72 10°71 10° 101 
t, RECTANGULAR PULSE DURATION (s) 


FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 


Te = +25°C 
| FOR TEMPERATURES ABOVE +25°C 
DERATE PEAK CURRENT 
CAPABILITY AS FOLLOWS: ~ 


pat [175-T, 
25 150 


li N| 


) 
TRANSCONDUCTANCE 
MAY LIMIT CURRENT 
IN THIS REGION 


| 

Hine cc muti 

Winn 0 
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P-CHANNEL 
POWER MOSFETs 


FIGURE 4. PEAK CURRENT CAPABILITY 


Vop = -1 5V 
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/— 
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ZT 


Vgs, GATE-TO-SOURCE VOLTAGE (V) 


-160 


PULSE TEST 
PULSE DURATION = 250us 


-120 F— DUTY CYCLE = 0.5% MAX 


ID(on)» ON-STATE DRAIN CURRENT (A) 
o 
° 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 


RFG60P06E 


Typical Performance Curves (continued) 


PULSE DURATION = 250,8, Vgs = -10V, Ip = -60A 


'pscon)» NORMALIZED ON RESISTANCE 


".80 40 0 40 80 120 160 200 
T,, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED rpson) VS JUNCTION 
TEMPERATURE 


Ip = -250pA 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 


"80 -40 0 40 480 £120 160 200 
T,, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN 
VOLTAGE vs TEMPERATURE 


Vas = OV, f = 1IMHz 
8000 


6000 


4000 


C, CAPACITANCE (pF) 


2000 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE 


Ves = Vos; !p = -250nA 


VescrHy NORMALIZED GATE 
THRESHOLD VOLTAGE 


“80 -40 0 40 80 120 160 200 
T,, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE 


POWER DISSIPATION MULTIPLIER 


0 25 50 75 100 125 150 175 
Tc, CASE TEMPERATURE (°C) 


FIGURE 10. NORMALIZED POWER DISSIPATION vs TEMPERA- 
TURE DERATING CURVE 
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FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO 
APPLICATION NOTE AN7254 AND AN7260 


Vps, DRAIN-SOURCE VOLTAGE (V) 
_ Vgs, GATE-SOURCE VOLTAGE (V) 
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RFG60P06E 


Typical Performance Curves (continued) 


ee oN ea 


wth St 
STARTING T, = +150°C PNT NT 


ifR=0 

tav = (L) (las) / (1.3RATED BVpgg - Vpp) 

ffR+0 th 
tay = (L/R) In [(Iag"R) / (1.3 RATED BVpgg - Vpp) + 1] i 


lag, AVALANCHE CURRENT (A) 


0.01 0.1 1 10 
tay, TIME IN AVALANCHE (ms) 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 


Test Circuits and Waveforms 


Vos BVpss 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


ft 
7 le 
> 
37 O 
{t= 
=. 
Ow 
a> 
© 
A. 


OV 


-Ves 
FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 
Vpp ton torr 
tp(on) to(orr) 
R 
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| | Ves 
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50% 
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FIGURE 16. RESISTIVE SWITCHING TEST CIRCUIT FIGURE 17. RESISTIVE SWITCHING WAVEFORMS 


4-67 


RFG60P06E 


Temperature Compensated PSPICE Model for the RFG60P0O6E 


-SUBCKT RFG60PO6E 2 1 3; 
CA 12 8 1.01¢-8 

CB 15 14 1.05e-8 

CIN 6 8 6.9e-9 


DBODY 5 7 DBDMOD 
DBREAK 7 11 DBKMOD 
DPLCAP 10 6 DPLCAPMOD 


EBREAK 5 11 17 18 -76.35 
EDS 148581 

EGS 138681 

ESG5 10861 

EVTO 20 68 18 1 


T8171 
LDRAIN 2 5 1e-9 


LGATE 1 9 7.9e-9 
LSOURCE 3 7 4.18e-9 


REV 9/20/94 


DPLCAP 16 


GATE RGATE ae ws | | 


: 
1 9 20 \8_ 6 


LGATE 
RIN CIN 


12 73 14 15 


DRAIN 


LDRAIN 2 
RDRAIN 


+ 
EBREAK Ga 


- DBODY 
MOS2 


11 


DBREAK 


RSOURCE LSOURCE 3 


7 SOURCE 
RBREAK 


MOS1 16 6 8 8 MOSMOD M=0.99 
MOS2 16 21 8 8 MOSMOD M=0.01 


RBREAK 17 18 RBKMOD 1 CA CB 
RDRAIN 5 16 RDSMOD 12.83e-3 
RGATE 9 20 1.5 

RIN 6 8 1e9 

RSOURCE 8 7 RDSMOD 3.25e-3 
RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 
$1B 13 12 13 8 S1BMOD 
S2A 6 15 14 13 S2AMOD 
S2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 -0.83 


.MODEL DBDMOD D (IS=1.24e-12 RS=4.72e-3 TRS1=1.43e-3 TRS2=-4.91e-7 CJO=6.98e-9 TT=1.5e-7) 
.MODEL DBKMOD D (RS=1.11e-1 TRS1=1.34e-3 TRS2=4.46e-12) 

.MODEL DPLCAPMOD D (CJO=15e-10 IS=1e-30 N=10) 

.MODEL MOSMOD PMOS (VTO=-3.71 KP=31.5 IS=1e-30 N=10 TOX=1 L=1u W=1u) 
.MODEL RBKMOD RES (TC1=9.42e-4 TC2=0) 

.MODEL RDSMOD RES (TC1=5.85e-3 TC2=7.69e-6) 

,MODEL RVTOMOD RES (TC1=-3.39e-3 TC2=1.07e-6) 

.MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=4.6 VOFF=2.6) 

.MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=2.6 VOFF=4.6) 

,MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=1.16 VOFF=-3.84) 
.MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-3.84 VOFF=1.16) 


.ENDS 


NOTE: For further discussion of the PSPICE model, consult A New PSPICE Sub-Circuit for the Power MOSFET Featuring Global 
Temperature Options; written by William J. Hepp and C. Frank Wheatley. 
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@ HARRIS RFF60P06 


25A7, 60V, Hermetically Packaged, Avalanche Rated 


December 1995 P-Channel Enhancement-Mode Power MOSFET 
Features Package 
° 25At, 60V | TO-254AA 
* Tps(on) = 9.0302 GATE 
¢ Temperature Compensating PSPICE Model LE SORA 
¢ Peak Current vs Pulse Width Curve oo” 


e UIS Rating Curve 
¢ +150°C Operating Temperature <es 


e Reliability Screened 
PACKAGE TAB (ISOLATED) 


Description CAUTION: Beryllia Warning per MIL-S-19500 


The RFF60P06 P-Channel power MOSFET is manufactured iplelto package epeciestions: 
using the MegaFET process. This process, which uses fea- 

ture sizes approaching those of LSI circuits gives optimum 

utilization of silicon, resulting in outstanding performance. It Symbol 

was designed for use in applications such as switching regu- D 

lators, switching converters, motor drivers, and relay drivers. 

These transistors can be operated directly from integrated 

circuits. | 


G) 


Reliability screening is available as either commercial or 
TX/TXV equivalent of MIL-S-19500. Contact Harris 
Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE | BRAND 
RFF6O0P06 TO-254AA RFF60P06 


NOTE: When ordering, use the entire part number. 


P-CHANNEL 
POWER MOSFETs 


Formerly developmental type TA09835. 
Commercial Version: RFG60PO6E. 


Absolute Maximum Ratings Tz. = +25°C 
RFF60P06 UNITS 

Dralit] SOUICO: VOILAGS: sist deine on tene eae s Sava va se Decoy eed okay aes Voss -60 V 
Dial Gate: VONAQC aie Sain sistant eine tera oeaw tian Beha WEEE ae ee ae Sea e SY VocrR -60 V 
Gale Source VONAGG si6:o3c ew eneeeteieesisaw sabe ks balieatia seabews ede’ Ves +20 V 
Drain Current 

RMS CONUNUOUS crs cdaeh ores pater eeata cena sao hi eee owe Ip 257 A 

Pulsed Diain CuUunent..a2 v4 caine Cink bees eh atnaew Oud ip Kew badces deans RES lom Refer to Peak Current Curve 
Single Pulse Avalanche Rating... .. 0.0.0... 0 cece eee eee eee ee eens Eas Refer to UIS Curve 
Power Dissipation 

Vee eo Cle nahin whe cae Peak ieee enh aen Gee whew aout ee Bea eee Pp 125 Ww 

Derate above 425° Ci wii vic thous Read ae neha vader haem tbe oa Meee ea cdewte 1.0 WPC 
Operating and Storage Temperature... 2... eee eens Ty, Tste -55 to +150 °C 


Lead Temperature (During Soldering)........... 0. cece cece eect eee e eect teens TL 300 °G 
(Distance >0.063in. (1.6mm) from Case, 10s Max.) 


t Current is limited by the package capability 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 3975.1 
Copyright © Harris Corporation 1995 4-69 


Specifications RFF60P06 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


[—ranenern —Towisor | vesreonorone [wm [ne [ wax [ oor 
Pareracoamnvane | Oem formmmve-w f= {|| 
fee [| f= [= 
renwere [| [= | m 
_ pecs [fm [ 


Zero Gate Voltage Drain Current 


Gate-Source Leakage Current 


On Resistance 


nh 
“I 
a 
a 3 si 3 
n a 


Turn-On Time 


Vpp = -30V, Ip = 25A 
R, = 1.29, Veg = -10V 
Reg = 2.352 


195 


Turn-On Delay Time 


N 
io) 


toon) 


Rise Time 
Turn-Off Delay Time to(OFF) 


Fall Time — 


-- 
un 
~J 
oO 


Turn-Off Time 


2 


FF- 


Total Gate Charge 


p> 
or 
So 
?) 


QecroT) Vas = 0 to -20V | 
Qg-10) [Vas = 0 to -10V 
QectH) | Vas = 0 to -2V 


Ciss Vos = -25V, Veg = OV 
f = 1MHz 


Gate Charge at -10V 


QO 


Threshold Gate Charge 


a 
o) 


Input Capacitance 7200 


Bo) 


Output Capacitance Coss 1800: 


Reverse Transfer Capacitance 


as 
oO 
fo) 


Crss 


ao) 


Thermal Resistance 
Junction to Case 


Thermal Resistance Rega 48 °C/W 
Junction to Ambient | | 
Source-Drain Diode Ratings and Specifications 


PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


°CW 


Bs) 
2 
re) 


a 
oO 


7 


4-70 


RFF60P06 


Typical Performance Curves 


To = +25°C 


-500 


= -100 
I~ 
a 
WW 
a 
c 
= 
O 
< 
& ~10-= OPERATION IN THIS 
= AREA MAY BE 
om LIMITED BY DS(ON) 
“1 
“1 -10 -100 
Vos; DRAIN-TO-SOURCE VOLTAGE (V) 
’ FIGURE 1. SAFE OPERATING AREA CURVE 
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= 
Wu 
jeg 
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p= | 
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= 
<x 
ce 
o 
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Tc, CASE TEMPERATURE (°C) 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE — 


PULSE DURATION = 250s, Tc = +25°C 


Ip, DRAIN CURRENT (A) 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 


150 
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E NOTES: 


DUTY FACTOR: D = ty/t 
PEAK Ty = = Pom xX Zajc +To 


SINGLE PULSE 
104 10° 10°72 


10° 10' 


10°71 
t, RECTANGULAR PULSE DURATION (s) 


FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 


To = 425°C 


rt FOR TEMPERATURES ABOVE +25°C 
ttt DERATE PEAK CURRENT 
Lit CAPABILITY AS FOLLOWS: 


-10° 


“1 0? o_o a. mine a a 
ant h ~ “SM pape ETH iG Ese 
CoN aaill +1 1 a 
m1 th SE 
Fro A a, 
TRANSCONDUCTANCE st UT 
MAY LIMIT CURRENT Hillman 
IN THIS REGION Vgg = -10V 


P-CHANNEL 
POWER MOSFETs 


low, PEAK CURRENT CAPABILITY (A) 


-10! 


10° 10° 102 10°! 10° 


t, PULSE WIDTH (s) 


104 


FIGURE 4. PEAK CURRENT CAPABILITY 


-150 


PULSE TEST 
PULSE DURATION = 250s 
DUTY CYCLE = 0.5% MAX 


Ip(on), ON STATE DRAIN CURRENT (A) 


-4.0 -6.0 -8.0 
Vas, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 


RFF60P06 


Typical Performance Curves (Continued) 


PULSE DURATION = 2508, Vgs = -10V, Ip = -25A Ves = Vow Ip = -2500A 
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FIGURE 7. NORMALIZED 'ps(on) VS JUNCTION TEMPERA- FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TURE TEMPERATURE 


Ip = -2500A 
2.0 D e 


POWER DISSIPATION MULTIPLIER 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 


0 25 50 75 100 125 150 
Ty, JUNCTION TEMPERATURE (°C) . To, CASE TEMPERATURE (°C) 
FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN FIGURE 10. NORMALIZED POWER DISSIPATION vs TEMPERA- 
VOLTAGE vs TEMPERATURE TURE DERATING CURVE. 
Ves = OV, f = 1MHz -60 -10.0 


8000 


6000 


4000 IG(REF) =-4.2mA 


Ves =-1 OV 
. 0.75 BVpss 0.75 BVpss 
“15 0.50 BVpss 0.50 BVpss 
0.25 BVoss 0.25 BVpss 


C, CAPACITANCE (pF) 


2000 


Vps, DRAIN-SOURCE VOLTAGE (V) 
Vs, GATE-SOURCE VOLTAGE (V) 


le(reF) 


| 
0 5 -10 -15 -20 -25 TIME (us) 80 REP) 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) Igcact) Ig(act) 


FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
. CONSTANT GATE CURRENT. REFER TO 
APPLICATION NOTE AN7254 AND AN7260 


4-72 


RFF60P06 


Typical Performance Curves (continued) 


ifR =0 
tav = (L) (las) / (1.3 RATED BVpgs - Vpp) 


one 


lag, AVALANCHE CURRENT (A) 


10 


1 
tay, TIME IN AVALANCHE (ms) 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 


Test Circuits and Waveforms 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


OV 


FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT 


-Vgs DUT 


FIGURE 16. RESISTIVE SWITCHING TEST CIRCUIT 


BVpss 


ton torr 
tp(on) to(oFF) 
tr 
10% 


Vos 90% 


Ves 


50% 
r 


PULSE WIDTH 


90% 


FIGURE 17. RESISTIVE SWITCHING WAVEFORMS 
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RFF60P06 


Test Circuits and Waveforms (Continued) 


-10V 


Ve 


CHARGE 9 ——_- 


FIGURE 18. BASIC GATE CHARGE WAVEFORM 


Data Packages - Harris Power Transistors 
TX and TXV Equivalents 
1. TX/TXV Equivalent - Standard Data Package 

A. Certificate of Compliance 

B. Assembly Flow Chart 

C. Preconditioning - Attributes Data Sheet 


D. Group A - Attributes Data Sheet 
E. Group B - Attributes Data Sheet 
F. Group C - Attributes Data Sheet 


2. TX/TXV Equivalent - Optional Data Package 
A. Certificate of Compliance | 
B. Assembly Flow Chart 


C. Preconditioning - Attributes Data Sheet 
- Precondition Lot Traveler 
- Pre and Post Burn-In Read and Record Data 


D. Group A - Attributes Data Sheet 
| - Group A Lot Traveler 
E. Group B - Attributes Data Sheet 


- Group B Lot Traveler 
- Pre and Post Read and Record Data for Intermittent 
Operating Life (Subgroup B3) 
+ Bond Strength Data (Subgroup B3) 
- Pre and Post-High Temperature Operating Life 
Read and Record Data (Subgroup B6) 
F. Group C - Attributes Data Sheet 
- Group C Lot Traveler 
- Pre and Post Read and Record Data for intermittent 
Operating Life (Subgroup C6) 
- Bond Strength Data (Subgroup C6) 
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RFF60P06 
Temperature Compensated PSPICE Model for the RFF60P06 


.SUBCKT RFF60P06 2 1 3 REV 9/20/94 


CA 128 1.016-8 
CB 15 14 1.05e-8 
CIN 6 8 6.9e-9 

10 5 DRAIN 
DBODY 5 7 DBDMOD 
DBREAK 7 11 DBKMOD 
DPLCAP 10 5 DPLCAPMOD esa (S) 

+ 


“2 
DPLCAP RDRAIN LDRAIN 


wo 1° EBREAK ) 
EBREAK 5 11 17 18 -76.35 a eg 

EVTO ll MOos2 

+ - 


EDS 148581 GATE RGATE 21 
EGS 138681 18 11 


ESG6 10861 1 : 9 20\8., 6 MOS1 
LGATE 
EVTO 2068 18 1 a ae DBREAK 


IT817 1 8 RSOURCE LSOURCE 3 


LDRAIN 2 5 1e-9 ; I U 


LGATE 1 9 7.9e-9 12 15 RBREAK 
LSOURCE 3 7 4.18e-9 7 uy ba 
MOS1 166 8 8 MOSMOD M-=0.99 eT 4s oe RVTO 


DBODY 


MOS2 16 21 8 8 MOSMOD M=0.01 


RBREAK 17 18 RBKMOD 1 tA - 
RDRAIN 5 16 RDSMOD 12.83e-3 Eas (4) eos (j) aoe 
RGATE 9 20 1.55 

RIN 6 8 169 

RSOURCE 8 7 RDSMOD 3.25e-3 

RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 SIAMOD 
$1B 13 12 13 8 SiBMOD 
S2A 6 15 14 13 S2ZAMOD 
S$2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 -0.83 


.MODEL DBDMOD D (iS=1.24e-12 RS=4.72e-3 TRS1=1.43e-3 TRS2=-4.91e-7 CUO=6.98e-9 TT=1.5e-7) 
MODEL DBKMOD D (RS=1.11e-1 TRS1=1.34e-3 TRS2=4.46e-12) 

MODEL DPLCAPMOD D (CJO=15e-10 IS=1e-30 N=10) 

.MODEL MOSMOD PMOS (VTO=-3.71 KP=31.5 [S=1e-30 N=10 TOX=1 L=1u W=1u) 
.MODEL RBKMOD RES (TC1=9.42e-4 TC2=0) 

.MODEL RDSMOD RES (TC1=5.85e-3 TC2=7.69e-6) 

MODEL RVTOMOD RES (TC1=-3.39e-3 TC2=1.07e-6) 

MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=4.6 VOFF=2.6) 

MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=2.6 VOFF=4.6) 

MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=1.16 VOFF=-3.84) 
MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-3.84 VOFF=1.16) 


ENDS 


NOTE: For further discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options; written by William J. Hepp and C. Frank Wheatley. 
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RFF60P06 


Screening Information 


Screening is performed in accordance with the latest revision in effect of MIL-S-19500, (Screening Information Table). 


Delta Tests and Limits (JANTX/JANTXV Equivalent) 


Pannen aeisoc [verevarene [wk [rs 
a 
nants | re [estate [nome | 


NOTES: 
1. Or 100% of Initial Reading (whichever is greater). 
2. Of Initial Reading. 


Screening Information 


eee (NE 
TE (2c RE 


Steady State Gate Bias (Gate Stress) MIL-STD-750, Method 1042, Condition B 
| Vas = 80% of Rated Value, 
Ta = 150°C, Time = 48 hours 


Interim Electrical Tests (Note 1) All Delta Parameters Listed in the Delta Tests and Limits Table 


MIL-STD-750, Method 1042, Condition A 
Vps = 80% of Rated Value, 
T, = 150°C, Time = 168 hours 


Final Electrical Tests (Note 1) MIL-S-19500, Group A, Subgroup 2 


NOTE: 
1. Test limits are identical pre and post burn-in. 


Steady State Reverse Bias (Drain Stress) 


Additional Screening Tests 


_aaneren [see] esrconorns [ware 
Sd 
emit [waste 
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LOGIC LEVEL POWER MOSFETs 


LOGIC LEVEL POWER MOSFET DATA SHEETS 


RFDSO55LE, 
RFD3055LESM, 
RFPSO55LE 


RFDSNO8L, 
RFD3NO8LSM 


RFD14NO5L, 
RFD14NO5LSM, 
RFP14NO5L 


RFD14NO6L, 
RFD14NO6LSM, 
RFP14NO06L 


RFD16NO3L, 
RFD16NO3LSM 


RFP23NO6LE, 
RF1S23NO6LE, 
RF1S23NO6LESM 


RFPSONO6LE, 
RF1S30NO6LE, 
RF1S30NO6LESM 


RFG40N10LE, 
RFP40N10LE, 
RF1IS40N10LE, 
RF1S40N10LESM 


RFP45NO3L, 
RF1S45NO03L, 
RF1S45NO3LSM 


12A, 60V, ESD Rated, Avalanche Rated, Logic Level N-Channel Enhancement-Mode 
POWer MOGKEI Sic 24 die Goa ieSe ot a ha aie he eee A Vee oS one aoe Res 


3A, 80V, Avalanche Rated, Logic Level N-Channel Enhancement-Mode Power MOSFETs. ... 


14A, 50V, Avalanche Rated, Logic Level N-Channel Enhancement-Mode Power MOSFETs. . . 
14A, 60V, Avalanche Rated, Logic Level N-Channel Enhancement-Mode Power MOSFETs... 


16A, 30V, Avalanche Rated N-Channel Logic Level Enhancement-Mode Power MOSFETs.... 


23A, 60V, ESD Rated, Avalanche Rated, Logic Level N-Channel Enhancement-Mode 
POWER MOSEE IS at mecignd oat See tie Bed otis ae OA eb ee Ves ENG S SN AO eee 


30A, 60V, ESD Rated, Avalanche Rated, Logic Level N-Channel Enhancement-Mode 
POWGRMOSFEIS:..c¢ustuteitate coun sete as battens Ode eiited hada aa ae 


40A, 100V, ESD Rated, Avalanche Rated, Logic Level N-Channel, Enhancement-Mode 
POWGr MOSFE1S. 262 vie whet saa eae ewe SRP a eae oe eRe ete tea aww ad na eant ka 


45A, 30V, Avalanche Rated N-Channel Logic Level Enhancement-Mode Power MOSFETs. .. . 
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LOGIC LEVEL 
POWER MOSFETs 


cr) 


tat SIARRIS RFD3055LE, RFD3055LESM, 


SEMICONDUCTOR RFEFP3055LE 


12A, 60V, ESD Rated, Avalanche Rated, Logic Level 


December 1995 N-Channel Enhancement-Mode Power MOSFETs 
Features Packages 
© 12A, GOV JEDEC TO-220AB 


* lpsiony = 0.1502 

e 2kV ESD Protected 

¢ Temperature Compensating PSPICE Model 
e Peak Current vs Pulse Width Curve 

e UIS Rating Curve 


Description 


The RFDS055LE, RFD3055LESM; and RFP3055LE are 
N-channel power MOSFETs manufactured using the 
MegaFET process. This process, which uses feature sizes 
approaching those of LSI circuits, gives optimum utilization DRAIN 
of silicon, resulting in outstanding performance. They were CEANGE) re 
designed for use in applications such as_ switching 
regulators, switching converters, motor drivers and relay 
drivers. These transistors can be operated directly from inte- 


grated circuits. oer 
The RFD3055LE, RFD3055LESM, and RFP3055LE incor KD Sie 
GATE m, 


porate ESD protection and are designed to withstand 2kV SOURCE ° 
(Human Body Model) of ESD. 


PACKAGE AVAILABILITY 


JEDEC TO-251AA 


SOURCE 


JEDEC TO-252AA 


“ 
Symbol Mr 
PART NUMBER PACKAGE BRAND D AT i 
= 0) 
RFD3055LE TO-251AA F3055L es Oo 
= 
RFD3055LESM TO-252AA F3055L Cr 
: G ui 
RFP3055LE TO-220AB FP3055LE ° = 
O 
NOTE: When ordering, use the entire part number. Add the suffix, 0d. 
9A, to obtain the TO-252 variant in tape and reel, e.g. Ss 
RFD3055LESMQA. 
Formerly developmental type TA49158. 
Absolute Maximum Ratings T,. = +25°C 
RFD3055LE, RFD3055LESM, 
RFP3055LE UNITS © 
Drain-Source Volage wines crate nee ne hake ad eae SOUS SESE Oa GEN EO ee Vpss 60 V 
Drain-Gate Vollage: 6<. 5b 825s nend a5.5 Sheu ales (odee Pee thee ow hd ower bees Vpar 60 V 
Gale-Source: VONaG6 sc sions Ge Seite ores deh enced ae heki ses staeeet Ves +10 V 
Drain Current . 
COMUMUOUS <i erie ta await © via SA sepa arate dua hina wade eeald BG ea eA Ip 12 A 
Pulsed Drain CUNGNE cay t.0k ceneedind hapeat esd meat ok Been etd oee ote lpm Refer to Peak Current Curve 
Pulsed Avalanche Ratingcc.2 occein tears eleva de ee tia de rGus we new a Siewies Eas Refer to UIS Curve 
Power Dissipation 
ie erteo Cm horde ny ieee ey cielo se ose cadet nin ek a A Ss nto eee gt eat ta Pp 48 Ww 
Déiate above.426° Ciacci cana tien acang eos bp cect ite db ad ee ae Rem ee 0.323 Ww/°C 
Operating and Storage Temperature .......... 0. cee eee eee eee Tstq@ Ty -55 to +175 °C 
Soldering Temperature of Leads for 10S ......... 0... eee eee ee eee Th 260 °C 
Electrostatic Discharge Rating MIL-STD-883, Category B(2) .................. ESD 2 kV 
Copyright © Harris Corporation 1995 | File Number 4044.1 
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Specifications RFD3O5SSLE, RFD3055LESM, RFP3055LE 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX UNITS 
Drain-Source Breakdown Voltage Ip = 250pA, Veg = OV peo f - f - fv | 


[eartonneavomin | vewrw [veenvewbeama | + | | @ |v 
Zero Gate Voltage Drain Current cee De en en 

al resvere [|e 
corseetemnmowen ew [ery T | | | 
a 
[ee 
Pe 
Ce 
cm Bd Be 
ee 
Pe 
a ee 
Cee 
ce 
ee 
Pe 
Tromatamwranserwome [Re fT | | om 
reraRamna amnion | Aan [ToanTowerom | ~ | - | © [on 


Source-Drain Diode Ratings and Specifications 


PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX UNITS 


Reverse Recovery Time 


RFD3055LE, RFD3055LESM, RFP3055LE 


Typical Performance Curves 


Te = +25°C 
100 A CET GES CORES CSG Ga GRE) GPS CEE CCRCUOTNRME CEES! MESSY GREER) EOEED SEES GEEE CH 


< wi 
ry 38 er an 
f =9 ; 1 ae — ail i 
& =e Hl Uo “Ee ‘a Hi 
oO O 
z 1 z< wie - 
< 6 ; WA 
a ber J 
a Ni 
a) _ 0. ‘O14 rE CT 
OPERATION IN THIS 7111 tt 
AREA MAY BE 
LIMITED BY TDS(ON) 
0.1 0.01 
10° 104 103 102 10°! 10° 10! 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) t, RECTANGULAR PULSE DURATION (s) 
FIGURE 1. SAFE OPERATING AREA CURVE FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 
S ABOVE +25°C DERATE PEAK [TIIIf 
Z E 
— [oa 
C & 
rm < 
ec 5) 
- 
3 4 TRANSCONDUCTANCE 
z Hise MAY LIMIT CURRENT 
é oc hp IN THIS REGION 
& 3 2 
- ¥ ai a co 
ae < Th WW 
a. - — 
a=) aad Ss 
10 S) 
105 i 102 1071 10° 401 5 
Tc, CASE TEMPERATURE (°C) t, PULSE WIDTH (s) ° = 
‘e) 
FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs FIGURE 4. PEAK CURRENT CAPABILITY o. 
TEMPERATURE 
PULSE DURATION = 250us, Tg = +25°C Vop= 16Y 
< 
_ 
= 
< fc 
i 5 
> rs) 
cc z 
cc < 
3 G 
= be 
< < 
a @ 
5 2 
= ro) 
= PULSE TEST 
S PULSE DURATION = 250us 
= DUTY CYCLE = 0.5% MAX 
0 1.5 3.0 4.5 6.0 7.5 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) Vgs, GATE-TO-SOURCE VOLTAGE (V) 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFD3055LE, RFD3055LESM, RFP3055LE 


Typical Performance Curves (Continued) 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED DRAIN-SOURCE BREAKDOWN 
VOLTAGE vs JUNCTION TEMPERATURE 


PULSE DURATION = 250u1s, Vgs = SV, Ip = 12A 


ps(ony, NORMALIZED ON RESISTANCE 


"-80 -40 0 40 80 120 160 200 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED rpgon) VS JUNCTION TEMPERATURE 


Vpp = 30V, Ip = 12A, Ry = 2.50 
200 


150 


100 


SWITCHING TIME (ns) 


a 
i=) 


Res, GATE-TO-SOURCE RESISTANCE (2) 


FIGURE 11. TYPICAL SWITCHING TIME AS A FUNCTION OF 
GATE RESISTANCE 


Vas = Vps; !p = 250nA 


2.0 


Vescru) NORMALIZED GATE 
THRESHOLD VOLTAGE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
JUNCTION TEMPERATURE 


Vpp = 15V, PULSE DURATION = 250us 
300 


250 
200 


150 


fps(on) ON-STATE RESISTANCE (mo) 


Vas, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 10. TYPICAL rps(on) FOR VARYING CONDITIONS OF 
GATE VOLTAGE AND DRAIN CURRENT 


5.00 
Vpp i hey hl | 
; 3.75 


0.75 BVpss 
0.50 BVpss 
0.25 25 BVoss 


Vos, DRAIN-SOURCE VOLTAGE (V) 
Vos, GATE-SOURCE VOLTAGE (V) 


i i) 
INGE 


= 0 
la (REF) 
IG (ACT) 
FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 


CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 


t, TIME (1s) 5p (REF) 


20 i 
G (ACT) 
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RFD3055LE, RFD3055LESM, RFP3055LE 


Typical Performance Curves (continued) 


Ves = OV, FREQUENCY (f) = 1MHz 


ek A A 


< 
Ww 
g 5 40 
< (3) 
E w 
< 5 STARTING T, = +150°C Ht Sect Baul 
= 
< < ; PAS 
S < en mm Sea 
< 
« fR=-0 
= itay= ae BVoss - Von) Ts SIT 
ifR z+ 
, tay = (UR)In{(tag*RV(1 .3*RATED BVpss-Vpp) +1) NOT 
0.001 0.01 0.1 1 10 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) tay, TIME IN AVALANCHE (ms) 
FIGURE 13. TYPICAL CAPACITANCE vs VOLTAGE FIGURE 14. UNCLAMPED INDUCTIVE SWITCHING. REFER TO 
HARRIS APPLICATION NOTES AN9321 AND 
AN9322 


POWER DISSIPATION MULTIPLIER 


_ Tg, CASE TEMPERATURE (°C) 


FIGURE 15. NORMALIZED POWER DISSIPATION vs TEMPERATURE DERATING CURVE 
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RFD3055LE, RFD3055LESM, RFP3055LE 


Test Circuits and Waveforms 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


FIGURE 16. UNCLAMPED ENERGY TEST CIRCUIT 


FIGURE 18. RESISTIVE SWITCHING TEST CIRCUIT 


BVpss 


Vos 


Vpp 


FIGURE 17. UNCLAMPED ENERGY WAVEFORMS 


ton | torr 


tp(OFF) 


tr 


tp(on) 


90% 


10% 


90% 


50% 


Ves . 
10% 


<< PULSE WIDTH 


FIGURE 19. RESISTIVE SWITCHING WAVEFORMS 


RFD3055LE, RFD3055LESM, RFP3055LE 


Temperature Compensated PSPICE Model for the RFD3055LE, RFD3055LESM, RFP3055LE 
.SUBCKT RFD3055LE 213; rev 1/30/95 


CA 12 8 1.68e-9 RLDRAIN 
CB 15 14 1.78e-9 ORECAr is DRAIN 
CIN 6 80.769e-9 10 4 9 2 
DBODY 7 5 DBDMOD oer LDRAIN 
DBREAK 511 DBKMOD oe Se aa 
DESD1 919 DESD1MOD RSCL2 at 
DESD2 91 7 DESD2MOD (3) ESCL 
DPLCAP 10 5 DPLCAPMOD 50 
: 11 
EBREAK 11 7 17 18 64.28 RDRAIN x DBODY 
EDS 148581 vol EBREAK (45) 
EGS 13868 1 - + 
R 
ESG 6 1068 1 ay lI s7]ty Mos2 
EVTO 20 6 18 8 1 GATE a 9 ie 
4 
IT 8171 LGATE 
CIN 

RLSOURCE 
LDRAIN 2 5 16-9 8 RSOURCE | 7 F 
LGATE 1 9 4.6e-9 ee ae 4 ~ SOURCE 
LSOURCE 3 7 4.6e-9 eens 

SIA 4 4 S2A 
MOS1 16 6 8 8 MOSMOD M =0.99 42 45 RBREAK 
MOS2 16 21 8 8 MOSMOD M=0.01 5 17 18 
SiB $2B 
RBREAK 17 18 RBKMOD 1 mo RVTO 
RDRAIN 50 16 RDSMOD 0.176e-3 : CA cB On 419 
RLDRAIN 2 5 10 + +] 14 oe 
RGATE 9 20 9.84 | == 
EGS EDS 

RLGATE 1 9 46 © + 
RIN 6 8 1e9 . 


RSCL1 5 51 RSCLMOD ie-6 
RSCL2 5 50 1e3 

RSOURCE 8 7 RDSMOD 76.56e-3 
RLSOURCE 3 7 46 

RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 

S1B 13 12 13 8 S1BMOD 
S2A 6 15 14 13 S2AMOD 
$2B 13 15 14 13 S2BMOD 


LOGIC LEVEL 
POWER MOSFETs 


VBAT 8 19 DC 1 
VTO 21 6 0.516 


ESCL 5150 VALUE = {(V(5,51)/ABS(V(5,51)))"(PWR(V(5,51)"1e6/31.7,6))} 


MODEL DBDMOD D (IS = 3.61e-13 RS = 1.78e-2 TRS1 = 1.70e-2 TRS2 = -4.69e-6 CJO = 3.88e-10 TT = 3.6e-8) 
MODEL DBKMOD D (RS = 0.4731 TRS1 =-2.19e-3 TRS2 = 4.7e-5) 

MODEL DESD1MOD D (BV = 13.5 NBV = 17.5 IBV=2.5e-4 RS = 22.2 TRS1=0 TRS2=0) 
MODEL DESD2MOD D (BV = 12.86 NBV = 22 IBV = 2.5e-4 RS =0 TRS1 =0 TRS2=0) 
MODEL DPLCAPMOD D (CJO = 0.48e-9 1S = 1e-30 N = 10) 

MODEL MOSMOD NMOS (VTO = 2.082 KP = 18.36 IS = 1e-30 N=10 TOX=1 L=1u W=1u) 
.MODEL RBKMOD RES (TC1 = 1.06e-3 TC2 = -6.22e-7) 

MODEL RDSMOD RES (TC1 = 4.48e-3 TC2 = 1.77e-5) 

MODEL RSCLMOD RES (TC1 = 3.55e-3 TC2 = 0.20e-5) 

MODEL RVTOMOD RES (TC1 = -1.85e-3 TC2 = -4.13e-6) 

MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-4.4 VOFF= -2.4) 

MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-2.4 VOFF= -4.4) 

MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-2.85 VOFF= 2.15) 

.MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 2.15 VOFF= -2.85) 


-ENDS 


NOTE: For further discussion of the PSPICE model, consult A New PSPICE Sub-Circuit for the Power MOSFET Featuring Global 
Temperature Options; authored by William J. Hepp and C. Frank Wheatley. 
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a SEMICONDUCTOR 


December 1995 


Features 

e 3A, 80V 

© Fpsion) = 0.8002 

e Temperature Compensating PSPICE Model 


On-Resistance vs Gate Drive Voltage Curves 
e Peak Current vs Pulse Width Curve 

e UIS Rating Curve 

° +175°C Operating Temperature 


Description 


The RFDSNO8L and RFDSNO8LSM are N-Channel 
enhancement mode silicon gate power field effect transistors 
specifically designed for use with logic level (5V) driving 
sources in applications such as programmable controllers, 
automotive switching, and solenoid drivers. This perfor- 
mance is accomplished through a special gate oxide design 
which provides full rated conduction at gate biases in the 3V 
to 5V range, thereby facilitating true on-off power control 
from logic circuit supply voltages. _ 


- PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE | BRAND _ 
RFED3NO8L TO-251AA F3NO8L 
RFD3NO8LSM TO-252AA F3NO8L 


NOTE: When ordering, use the entire part number. Add the suffix 9A 
to obtain the TO-252AA variant in tape and reel, i.e., RFDSNO8LSM9A. 


Formerly developmental type TA09922. 


Absolute Maximum Ratings T,. = +25°C 


Drain-Source Voltage 


Gate-Source Voltage... 6... ce eee eee eens 


Drain Current 


COMERUOUS > a5: 0 Biforhas ee ae a oOo weed ee waeae owen 


Pulsed 


Pulsed Avalanche Rating. ..............0ccceeeeeea eee eeees | 


Power Dissipation 


To = +25°C ances! fe: Guerre ries ee os witb, ie eer vw. PANE Sunol ae lea ye ch) bane! ane ia cere senarelse 


Co 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
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CD 


Drain-Gate Voltage .. 0.0... cece ec eee teens 


Cr ey 


RFDSNO8L, 
RFD3NO8LSM 


3A, 80V, Avalanche Rated, Logic Level 


N-Channel Enhancement-Mode Power MOSFETs 


Packages 
TO-251AA 


SOURCE 


DRAIN (FLANGE) 


TO-252AA 


DRAIN (FLANGE) 


SOURCE — 


Symbol 


D 
G 
Ss 
RFD3NO8L 
RFD3NO8LSM UNITS 

ee eee nens Voss 80 V 
ee ee eevee Voar 80 V 
gi asicaeasariracety Ves +10 V 
Sa auat abate a pases Ip 3 A 
eaten d Gat lom Refer to Peak Current Curve 
Seiuetintashese Eas Refer to UIS Curve 
eer ere Pp 30 WwW 
Pt tae ray 308 ind 0.2. w/c 
Pe a are Tsta Ty -55 to +175 | °C 


File Number 2836.2 


Specifications RFD3NO8L, RFD3NO8LSM 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


[__Paraweren——_[svwaou | _resrconomons [ww | ve | wax | ons. 
[BaSonceBeatiomvatags | Wome [b=BOAVer-v | @ | - | -| 


V 
Zero Gate Voltage Drain Current ian To = +25°C pA 


ts 
> 


oom 
[Reet 
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Source-Drain Diode Ratings and Specifications 


PARAMETER SYMBOL TEST CONDITIONS | min | TYP | MAX | UNITS 
a Ss 
Reverse Recovery Time pte Isp = 3A, digp/dt = 100A/yis Eee S| ee late 
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RFD3NO8L, RFD3NO8LSM 


Uypical Performance Curves 


Te= = 425°C 


20 -— 2 
Eee 
10 -—— - — 


mn ee 
a Om” a0tiiiGuum on RCt/ Gane oe on iil 
ani aqaaad CTT 


x o Ww Th iil ee" (| a 
_— wz it 
z No 
ra 26 
. sw ep 
3 Ss gy 7 
z 1 > 0.1 
< é = 
« 
rs Pw 
= 1 
a i 
| JA SINGLE PULSE 
AREA MAY BE Arswsis rose i Th DUTY FACTOR: D = ty/t, 
LIMITED BY rpson) PEAK Ty = Pow X Zguc + Tc 
0.1 0.01 
1 100 200 105 104 10° 10° 10° 10° 10! 
Vos; ena SaUne: VOLTAGE (V) t, RECTANGULAR PULSE DURATION (s) 
FIGURE 1. SAFE OPERATING AREA CURVE FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
. IMPEDANCE 
30 Te = +25°C 
TU ELUM LUI Seeve Meee bene 
Ses ABOVE +25°C DERATE PEAK! 
= mi SN CURRENT AS FOLLOWS: 
: : || ste [ESTE ] 
= a 150° | 
Zz a ama 
ig < HHH HE 
- S) St Hh 1} 
~ 
3 : 
= 
=o c 
rs 3 
=) < 
EY 
| o. MAY LIMIT CURRENT 
105 = 108 103 102 1071 “40° 10! 
Tc, CASE TEMPERATURE (°C) t, PULSE WIDTH (s) 
FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs FIGURE 4. PEAK CURRENT CAPABILITY 
TEMPERATURE 
oe PULSE DURATION = 250us, Tc = +25°C | 7 Vpp = 15V 
< 
8.0 5 
i Ww 
< fF 
5 6.0 g 
. =z 
2 3 
3 ra 
2 wl 
Zz 4.0 < 
% 
= C} 
2.0 > 
8 Au TEST 
= PULSE DURATION = 250us 
DUTY CYCLE = 0.5% MAX 
0.0 : 
0.0 : : : . i 0.0 1.5 3.0 4.5 6.0 7.5 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) Vas, GATE-TO-SOURCE VOLTAGE (V) 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFD3NO8L, RFD3NO8LSM 


Typical Performance Curves (continued) 


Ip = 250uA 
2.0 = 


ok 
a 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 
in 5 


0.0 


-80 -40 0 40 80 120 160 200 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED DRAIN-SOURCE BREAKDOWN 
VOLTAGE vs JUNCTION TEMPERATURE 


PULSE DURATION = 250us, Vgs = 5V, Ip = 3A 


'ps(on)»» NORMALIZED ON RESISTANCE 


“80 -40 0 40 80 120 160 200 
T,, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED rpgiony VS JUNCTION TEMPERA- 
TURE 


Vop = 40V, Ip = 3A, Ri = 13.3Q 


SWITCHING TIME (ns) 


Res, GATE-TO-SOURCE RESISTANCE () 


FIGURE 11. SWITCHING TIME AS A FUNCTION OF GATE 
RESISTANCE 


Ves = Vos, Ip = 250A 


Vescr) NORMALIZED GATE 
THRESHOLD VOLTAGE 


-80 -40 0 40 80 120 160 200 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
JUNCTION TEMPERATURE 


PULSE DURATION = 2508, Vpp = 15V 


2.5 


Tps(on): ON-STATE RESISTANCE (2) 


2.0 2.5 3.0 3.5 4.0 4.5 5.0 
Vgs, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 10. rps;on) FOR VARYING CONDITIONS OF GATE 
VOLTAGE AND DRAIN CURRENT 


R, = 26.6702 
Ig(REF) = 0.1MA 
V V 


gs =5 


PLATEAU VOLTAGES IN 
DESCENDING ORDER: 
Wooo 
DD =". DSS 
Vpp = 0.50 BVpss 
Vpp = 0.25 BVpss 


Vps, DRAIN-SOURCE VOLTAGE (V) 


l 
20 SRE t, TIME (us) go SEP) 
G (ACT) G(ACT) 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 
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2.0 | 
1.5 | 
1.0 
0.5 
0.0 


Vgs, GATE-SOURCE VOLTAGE (V) | 


LOGIC LEVEL 
POWER MOSFETs 


RFD3NO8L, RFD3NO8LSM 


Typical Performance Curves (continued) 


Vag = OV, FREQUENCY (f) = 1MHz 


ifR=0 
ihe = (LXIag\(1.3*RATED BV pss - Vpp) 


< 
o 5 See ee 
m7 cc aan ba” SMT STARTING Ty = +25°C al 
6) > 
z © IES SQ 
<= 
: a 
: 3 SS 
Oo < Mae 
inl \ 
| 0.001 0.01 1 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) tay, TIME IN aie ee 
FIGURE 13. TYPICAL CAPACITANCE vs VOLTAGE FIGURE 14. UNCLAMPED INDUCTIVE SWITCHING. REFER TO 
HARRIS APPLICATION NOTES AN9321 AND 
AN9322 


POWER DISSIPATION MULTIPLIER 


0 25 50 75 100 125 150 175 
Tc, CASE TEMPERATURE (°C) 


FIGURE 15. NORMALIZED POWER DISSIPATION vs TEMPERATURE DERATING CURVE 
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RFD3NO8L, RFD3NO8LSM 


Test Circuits and Waveforms 


Vps 
BVpss 


Vos 


VARY tp TO OBTAIN Vpp 


REQUIRED PEAK las 


Vop ton torr 
toon) tD(OFF) 
Ri 
Vos 
Vos ali 
Vas 
| | 10% 
ov . 
DUT we 
Res V 
Gs 50% 
PULSE WIDTH 
10% 
FIGURE 18. RESISTIVE SWITCHING TEST CIRCUIT FIGURE 19. RESISTIVE SWITCHING WAVEFORMS 
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RFD3NO8L, RFD3NO8LSM 


Temperature Compensated PSPICE Model for the RFD3NO08L, RFD3NO8LSM 


SUBCKT RFD3NOS8L 2 13; rev 5/10/95 


LDRAIN 
CA 12 8 4.10e-10 DPLCAP 

CB 15 14 3.25e-10 as We Bain 
CIN 6 8 1.106-10 

, RLDRAIN 
DBODY 7 5 DBDMOD 

DBREAK 5 11 DBREAKMOD RSCL2 
DPLCAP 10 5 DPLCAPMOD 


EBREAK 11 7 

EDS 148581 

EGS 13868 1 + DBODY 
68 1 

EVTHRESH 6 21 19 8 1 +7 EVTHRESH cadena Ge 


+ = 
EZTEMPCO 20 6 18 22 1 LGATE EZTEMPCO C2) 


GATE 
IT 8 171 tof fe 204) 6 


RGATE 


LGATE 1 9 5.8e-9 RIN 
LSOURCE 3 7 5.8e-9 


17 18 93.57 


LSOURCE 


aa 
. 53 
MOS1 16 6 8 8 MSTRONG M=0.80 SOURCE 
MOS2 16 21 8 8 MWEAK M=0.20 RLSOURCE 


RBREAK 17 18 RBREAKMOD 1 [os a RBREAK 
RDRAIN 50 16 RDRAINMOD 174.2e-3 3 73 17 18 
RGATE 9 20 24.9 ra 

RIN 6 8 1e9 SiB S2B RZTEMPCO 
RLDRAIN 2 5 10 13 CB 
RLGATE 1 9 58 CA 14 
RLSOURCE 3 7 58 + t 

RSCL1 5 51 RSCLMOD 1e-6 | EGS (5) EDS (3) ‘aoe VBAE 
RSCL2 5 50 1e3 ‘ ‘ 

RSOURCE 8 7 RSOURCEMOD 200.2e-3 = 
RTHRESH 22 8 RTHRESHMOD 1 SanEST 
RZTEMPCO 18 19 RZTEMPCOMOD 1 


S1A 6 12 13 8 S1AMOD 

S1B 13 12 13 8 S1iBMOD 
S2A 6 15 14 13 S2AMOD 
$2B 13 15 14 13 S2BMOD 


VBAT 22 19 DC 1 
ESCL 51 50 VALUE = {(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)/(1e-6"10),6))} 


-MODEL DBDMOD D (IS = 9.90e-14 RS = 6.00e-2 TRS1 = 1.42e-3 TRS2 = -3.58e-6 CJO = 1.40e-10 TT = 5.75e-8 M = 0.4) 
.MODEL DBREAKMOD D (RS = 2.32 TRS1 = 1.03e-3 TRS2 = -6.17e-11) 

-MODEL DPLCAPMOD D (CJO = 1.13e-10 IS = 1e-30 N= 10 M=0.6) 

.MODEL MSTRONG NMOS (VTO = 1.773 KP = 1.70 IS = 1e-30 N=10 TOX = 1L=1u W= 1u) 
.MODEL MWEAK NMOS (VTO = 1.496 KP = 2.09 IS = 1e-30 N=10 TOX=1L=1u W= 1u) 
.MODEL RBREAKMOD RES (TC1 = 8.19¢e-4 TC2 = 5.9e-7) 

-MODEL RDRAINMOD RES (TC1 = 1.55e-2 TC2 = 8.58e-5) 

.MODEL RDSOURCEMOD RES (TC1 =0 TC2 = 0) 

-MODEL RSCLMOD RES (TC1 =0 TC2 =0) 

-MODEL RTHRESHMOD RES (TC1 = -5.0e-4 TC2 = -6.0e-6) 

-MODEL RZTEMPCOMOD RES (TC1 = -1.19e-3 TC2 = 1.12e-6) 

-MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF =0.1 VON = -5.2 VOFF= -3.2) 

.MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -3.2 VOFF= -5.2) 

-MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -0.60 VOFF= 4.4) 

-MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 4.4 VOFF= -0.60) 


.ENDS 


NOTE: 


1. For further discussion of the PSPICE model, consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global Temperature Op- 


tions; IEEE Power Electronics Specialist Conference Records, 1991. 
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tat HARRIS AFDI4NO5L, RFD14NO05LSM, 
SEMICONDUCTOR RFEP14N05L 


14A, 50V, Avalanche Rated, Logic Level 


December 1995 N-Channel Enhancement-Mode Power MOSFETs 
Features Packaging 
e 14A, 50V JEDEC TO-220AB 
e DS(ON) = 0.100Q SOURCE 


¢ Temperature Compensating PSPICE Model 


¢ Can be Driven Directly from CMOS, NMOS, and TTL 
circuits 


e Peak Current vs Pulse Width Curve 


e UIS Rating Curve 


+175°C Operating Temperature 


JEDEC TO-251AA 
Description SOURCE 


DRAIN 
The RFD14NO5L, RFD14NO5LSM, and RFP14NO5L are DRAIN (FLANGE) 


N-channel power MOSFETs manufactured using the 
MegaFET process. This process, which uses feature sizes 
approaching those of LSI integrated circuits, gives optimum 
utilization of silicon, resulting in outstanding performance. 
They were designed for use in applications such as switching 
regulators, switching converters, motor drivers and relay driv- JEDEC TO-252AA 
ers. This performance is accomplished through a special gate 

oxide design which provides full rated conductance at gate so> 
bias in the 3V - 5V range, thereby facilitating true on-off power nee Fy 7 | 
control directly from logic level (5V) integrated circuits. SOUR = 

PACKAGE AVAILABILITY 


PART NUMBER PACKAGE BRAND 
RFD14NO5L TO-251AA 14NO5L 


D 
RFD14NO5LSM TO-252AA 14NO5L 
| RFP14NO5L TO-220AB FP14NO5L 
NOTE: When ordering, use the entire part number. Add the suffix G 
9A, to obtain the TO-252AA variant in tape and reel, i.e. 
RFD14NO5LSM9A. 
Ss 


Formerly developmental type TA09870. 


DRAIN (FLANGE) 


Symbol 


LOGIC LEVEL 
POWER MOSFETs 


Absolute Maximum Ratings T,. = +25°C 
RFD14NO5L, RFD14NO5LSM, 


RFP14NO5L UNITS 

Disin-SOurce: VONAGE jm.) ene eee e idee kts iia week eee ee eet Voss 50 V 
Drain-Gale VONAQC tiesto gett anes Sua cee wees Ga ewe 2 weewaeee VoarR 50 V 
Gate-SOurce VONAGS se. ta at wa ea Re ER ewe Hales Peeled Ves +10 V 
Drain Current 

FMS GOMUMUOUSS 22st pee ee am Oh aOR LK a Gee Mer eae Ib 14 A 

Pulséd Drain Curent sigcw i s2Geiiisas ep ue eV sod et eyed OSes Hae EDeIS A lom Refer to Peak Current Curve 
Pulsed Avalanche Rating’: 6 i300 6 awe Ges be awe e Heed ew paola ee dead wets Eas Refer to UIS Curve 
Power Dissipation 

Tip 25s se ee amine a ane aca een ety eat t alst oben andes ona ena Pp 48 WwW 

Derata- above t 26°C 464 cicewutvn Saas ae need houses et Aaa wn Laek nie ke aah 0.32 W/°C 
Operating and Storage Temperature ...... 0... cece eee eee Tstq@ Ty -55 to +175 °C 
Soldering Temperature of Leads for 10S... 0... cee nee Th 260 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 2246.2 
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Specifications RFD14NO5L, RFD14NO5LSM, RFP14NO5L 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS | min | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage Ip = 250pA, Ves = OV so fo foe tv | 


V 
Zero Gate Voltage Drain Current — To = +25°C 1 pA 


Ves = +10V 


oak 
=) 
) 
3 

> 


rc 
> 


To = +1 50°C 
Gate-Source Leakage Current 


Q 


Vpp = 25V, Ip = 7A, Ry. = 3.57Q, 
Ves = 5V, Reg = 0.62 


Turn-On Delay Time 
es 
Turn-Off Delay Time | 


ie 
Nh 


oO 
> 


t 


a 
fesomeay | oom [econo 


N 
F 
FF 
| Threshold Gate Charge Ves = OV to 1V 
Cc 
QJA 


=} po} 


a?) 
7" 


Input Capacitance Vos = 25V, Ves = OV, 
f = 1MHz 
Output Capacitance 
Reverse Transfer Capacitance 
R TO -251 and TO-252 
TO-220 


no) 
Tn 


no} 
Tl 


°C/W 


Thermal Resistance Junction-to-Ambient 100 °C/W 


Source-Drain Diode Ratings and Specifications 


PARAMETERS SYMBOL 
-| Forward Voltage 
Reverse Recovery. Time Stee 


Isp = 14A, dlgp/dt = 100A/us 
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RFD14N05L, RFD14NO5LSM, RFP14NO05L 


Typical Performance Curves 


won” Geil 
<x te =". 
= aI 111 oom oT 
a a0 | 
a <2 
ra =O 
= aca 
: fi; [| 
= a= so 
wud 
: Re 
z:) rt | 
OPERATION IN THIS = NOTES: 
AREA MAY BE DUTY FACTOR: D = t/t, 
LIMITED BY rpgon) PEAK Ty = Pow X Zggc + Te 
10°? 10°! 10° 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) t, RECTANGULAR PULSE DURATION (s) 
FIGURE 1. SAFE OPERATING AREA CURVE FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 
on To = +25°C 
TRANSCONDUCTANCE FOR TEMPERATURES 
< MAY LIMIT CURRENT ABOVE +25°C DERATE PEAK 
> IN THIS REGION CURRENT AS FOLLOWS: 
dl e 4 
c oO 
c E 
3 fa asl HH 
a ‘Bye we: 
: e UNNQ aan S a 
ft ~ <q _ 
: : NTSC TTT |] 
(=) ie. : 
. : | rT cf 
: | Tt | | |4e 
a) oO 
: Lc | |e e 
25 50 75 100 125 150 175 10°5 104 10°3 10? 1071 10° 10! oe 
Tc,-CASE TEMPERATURE (°C) t, PULSE WIDTH (s) +A 6 
QO. 
FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs FIGURE 4. PEAK CURRENT CAPABILITY 
TEMPERATURE 
PULSE DURATION = 250us, Tc = +25°C 
35 : 
PETZ [| s 
30 7 ti — 
< 55 | 2 a a ire e 
/, > 
ci | | | : 
1 Zz 
= 20 < 
3 3 
z 15 uw 
= & 
f c 
a 10 "Za Z 
S PULSE TEST 
a /, o PULSE DURATION = 250us 
| 5 DUTY CYCLE = 0.5% MAX 
0 
0 1.5 3.0 4.5 6.0 7.5 0 1.5 3.0 4.5 6.0 7.5 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) Vgs, GATE-TO-SOURCE VOLTAGE (V) 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFD14N05L, RFD14NO5LSM, RFP14N05L 


Typical Performance Curves (continued) 


Ip = 250A 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED DRAIN-SOURCE BREAKDOWN 
VOLTAGE vs JUNCTION TEMPERATURE 


PULSE DURATION = 2508, Vgg = 10V, Ip = 14A 


rps(ony, NORMALIZED ON RESISTANCE 


0.0 : 
-80 -40 0 40 80 120 160 200 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED rpgion) VS JUNCTION TEMPERATURE 


Vop = 25V, Ip = 14A, Ry, = 3.570 


SWITCHING TIME (ns) 


Res, GATE-TO-SOURCE RESISTANCE (Q) 


FIGURE 11. SWITCHING TIME AS A FUNCTION OF GATE 
RESISTANCE 


Ves = Vos; Ip = 250A 


Vascrhy NORMALIZED GATE 
THRESHOLD VOLTAGE 


-80 -40 0 40 80 120 160 200 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
JUNCTION TEMPERATURE 


DS(ON): ON-STATE RESISTANCE (mQ) 


Vas, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 10. tpsjony FOR VARYING CONDITIONS OF GATE 
VOLTAGE AND DRAIN CURRENT 


x A 


0.25 BVpss 


Ri = 3.57Q 
Iq(rer) = 0.4mA 


Ves = 5V 


Vps, DRAIN-SOURCE VOLTAGE (V) 
Vas, GATE-SOURCE VOLTAGE (V) 


i 
20 G (REF) 


; 
: t, TIME (us) 80 G.(REF) 
G(ACT) 


lg (ACT) 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 
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RFD14N05L, RFD14NO5LSM, RFP14NO5L 


Typical Performance Curves (continued) 


Ves = OV, FREQUENCY (f) = 1MHz 


C, CAPACITANCE (pF) 
Ins, AVALANCHE CURRENT (A) 


1 


0.01 0.1 1 10 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) tav, TIME IN AVALANCHE (ms) 
FIGURE 13. TYPICAL CAPACITANCE vs VOLTAGE FIGURE 14. UNCLAMPED INDUCTIVE SWITCHING. REFER TO 
HARRIS APPLICATION NOTES AN9321 AND 
AN9322 


POWER DISSIPATION MULTIPLIER 


0 25 50 75 100 125 150 175 
Tc, CASE TEMPERATURE (°C) 


FIGURE 15. NORMALIZED POWER DISSIPATION vs TEMPERATURE DERATING CURVE 
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RFD14N05L, RFD14N05LSM, RFP14NO05L 


Test Circuits and Waveforms 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


Ves 


OV 


FIGURE 16. UNCLAMPED ENERGY TEST CIRCUIT 


Vop 


Ri 


Vos 


DUT 


FIGURE 18. RESISTIVE SWITCHING TEST CIRCUIT 
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BVpss 


90% 


10% 


- 90% 


50% 


PULSE WIDTH 


FIGURE 19. RESISTIVE SWITCHING WAVEFORMS 


RFD14N05L, RFD14NO5LSM, RFP14NO05L 


Temperature Compensated PSPICE Model for the RFD14NO5L, RFD14NO5LSM, RFP14NO5L 


.SUBCKT RFP14NO5L 213; rev 9/15/94 


CA 12 8 1.464e-9 DPLCAP 5 
CB 15 14 1.64e-9 10 
CIN 6 8 6.17e-10 


, DRAIN 
LDRAIN 2 


DBODY 7 5 DBDMOD 
DBREAK 5 11 DBKMOD RSCL2 +51 
DPLCAP 10 5 DPLCAPMOD =) gabe 


DBREAK 


EBREAK 11 7 17 18 65.35 50 11 


RDRAIN 
ESG 16 EBREAK Gr) 


DBODY 


1 GATE ot. 88 pedi 


6 
1 ¢ 18)- MOS1 
IT 8 171 LGATE RGATE 


RIN CIN 
LDRAIN 2 5 1e-9 RSOURCE 


LGATE 1 9 5.68e-9 8 
LSOURCE 3 7 5.35e-9 SOURCE 


LSOURCE 


MOS1 16 6 8 8 MOSMOD M=0.99 SIA ¢ 5 S2A 
MOS2 16 21 8 8 MOSMOD M= 0.01 12 i 15 i RBREAK 


RBREAK 17 18 RBKMOD 1 SiB 9 9 S2B | RVTO 
RDRAIN 50 16 RDSMOD 33.1e-3 13 
RGATE 9 20 5.85 oF C8 Cf) ir 


RIN 6 8 169 
RSCL1 5 51 RSCLMOD 1e-6 eas (3) ens (2) | : 
RSCL2 5 50 163 : : | 
RSOURCE 8 7 RDSMOD 14.3e-3 

RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 

S1iB 13 12 13 8 SiBMOD 
S2A 6 15 14 13 S2AMOD 
S2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 0.485 


ESCL 5150 VALUE = {(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1e6/46,7))} 


.MODEL DBDMOD D (IS = 2.23e-13 RS = 1.15e-2 TRS1 = 1.64e-3 TRS2 = 7.89e-6 CJO = 6.83e-10 TT = 3.68e-8) 
.MODEL DBKMOD D (RS = 3.8e-1 TRS1 = 1.89e-3 TRS2 = 1.13e-5) 

.MODEL DPLCAPMOD D (CJO = 25.7e-11 IS = 1e-30 N = 10) 

.MODEL MOSMOD NMOS (VTO = 1.935 KP = 18.89 IS = 1e-30 N= 10 TOX=1 L=1u W= 1u) 
.MODEL RBKMOD RES (TC1 = 7.18e-4 TC2 = 1.53e-6) 

.MODEL RDSMOD RES (TC1 = 4.45e-3 TC2 = 2.9e-5) 

.MODEL RSCLMOD RES (TC1 = 2.8e-3 TC2 = 6.0e-6) 

.MODEL RVTOMOD RES (TC1 = -1.7e-3 TC2 = -2.0e-6) 

.MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -3.55 VOFF= -1.55) 

.MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-1.55 VOFF= -3.55) 

MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -2.55 VOFF= 2.45) 

MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 2.45 VOFF= -2.55) 


.ENDS 


NOTE: For further discussion of the PSPICE model, consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options; authored by William J. Hepp and C. Frank Wheatley. 
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December 1995 


FARRIS 


SEMICONDUCTOR 


Features 
° 14A, 60V 
. TDS(ON) = 0.100Q 


Temperature Compensating PSPICE Model 


Can be Driven Directly from CMOS, NMOS, and TTL 
Circuits 


Peak Current vs Pulse Width Curve 
UIS Rating Curve 
+175°C Operating Temperature 


Description 


The RFD1I4NO6L, RFD14NO6LSM, and RFP14NO6L are 
N-channel power MOSFETs manufactured using the 


MegaFET process. This process, which uses feature sizes — 


approaching those of LSI integrated circuits, gives optimum 
utilization of silicon, resulting in outstanding performance. 
They were designed for use in applications such as switching 
regulators, switching converters, motor drivers and relay driv- 
ers. This performance is accomplished through a special gate 

oxide design which provides full rated conductance at gate 
bias in the 3V - 5V range, thereby facilitating true on-off power 
control directly from logic level (5V) integrated circuits. 


PACKAGE AVAILABILITY 


_ NOTE: When ordering, use the entire part number. Add the suffix 
9A, to obtain the TO-252AA variant in tape and reel, i.e. 
RFD14NO6LSMQ9A. 


Formerly developmental type TA09870. 


RFD14NO6L, RFD14NO6LSM, 


RFP1T4NO6L 


14A, 60V, Avalanche Rated, Logic Level 


N-Channel Enhancement-Mode Power MOSFETs 


Packaging 


JEDEC TO-220AB 
SOURCE 


JEDEC TO-251AA 


SOURCE 
DRAIN 
pe GATE 


DRAIN (FLANGE) 


JEDEC TO-252AA 


DRAIN (FLANGE) 


Symbol 


Absolute Maximum Ratings Tx. = +25°C 


Drain-Source Voltage 
- Drain-Gate Voltage 
Gate-Source Voltage 


Drain Current 
RMS Continuous 


Ce | 
Ce ey 


Co 


Pulsed Avalanche Rating 
Power Dissipation 
To = +25°C 
Derate above +25°C 
Operating and Storage Temperature 
Soldering Temperature of Leads for 10s 


| 


Cr 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
Copyright © Harris Corporation 1995 


RFD14NO6L, RFD14NO6LSM, 


RFP14NO6L UNITS 
V 
V 


V 


CY 
eee ee eee mer wees 


14 
Refer to Peak Current Curve 


Refer to UIS Curve 


A 


eo ne vp ee we ew ew he we ew 


Cr 


ae eee eevee ee ewe 


48 
0.32 


-55 to +175 
260 


TL 


4088 


File Number 
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Specifications RFD14NO6L, RFD14NO6LSM, RFP14NO06L 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX UNITS 
Drain-Source Breakdown Voltage Ip = 250n/A, Ves = OV Pee ee a ae 
Gate Threshold Voltage Vas = Vos: Ip = 250A V 


> 


> 


= = 


=] 
> 


100 


Vpp = 30V, Ip = 7A, 
Ri, = 4.289, Ves = 5V, 


— 
Ww 

pao 

n 


100 


Turn-Off Time torr 
Total Gate Charge Vas = OV to 10V | Vpp = 48V, 
Gate Charge at 5V Ves = OV to 5V 
_ | Threshold Gate Charge Vas = OV to 1V 
Input Capacitance Vos = 25V, Ves = OV, 
f = 1MHz 


psy 
(o>) 
po} 


nN 
On 


Bo) 
7 


3 


—_ 
or 
=) 


Le) 


670 


185 


ne) 
7 


7 


3.125 °C/W 


°C/W 


—_ 
io] 
Oo 


— 
o 


TO-220 


Source-Drain Diode Ratings and Specifications 


PARAMETERS SYMBOL TEST CONDITIONS | win | TYP | MAX UNITS 
Reverse Recovery Time Star | Isp = 14A, dlgp/dt = 100A/ps p= fo | 128 fons | 
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LOGIC LEVEL 
POWER MOSFETs 


RFD14N06L, REDTANOGLSM, RFP14N06L 


Typical Parennaice Curves 


400 Te = 25°C 
tot 
S Peel Bt HG oi 
a 
i ee eRe! BS 
oc SE Se 2s eS ee ee Ss Ww 
| 2. 2 SE, “Se es fem 
o) SS A AS A oc 
z ee Sz 
< PSs Se 
a] | I Ne Ps $e 
* Lt Pee NOTES cron: a= 
= wm 5 = ty 2 
LIMITED BY rpsion) Voss 2 = PEAK Ty = Pow x Zac + Te 
= 60V7—1r 0.01 
10° 104 10° 10°72 1071 10° 10! 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) _ t, RECTANGULAR PULSE DURATION (s) 
FIGURE 1. SAFE OPERATING AREA CURVE FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 
Te = +25°C 


200 
TRANSCONDUCTANCE FOR TEMPERATURES 
MAY LIMIT CURRENT ABOVE +25°C DERATE PEAK 


WTS REGION CURRENT AS FOLLOWS: 


100 Prelit 
SIC tn! = es | jae Tc | 
1 a 750 | 
Seni mma tt 
= Mii maiiill mT 


nS 


AG 


Ip, DRAIN CURRENT (A) 
low, PEAK CURRENT CAPABILITY (A) 


25 50 75 100 125 150 175 10° 104 1073 102 10° 10° 10! 
Tc, CASE TEMPERATURE (°C) t, PULSE WIDTH (s) 
FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs FIGURE 4. PEAK CURRENT CAPABILITY 
TEMPERATURE | 


PULSE DURATION = 250us, a +25°C 


ip, DRAIN CURRENT (A) 


PULSE TEST 
PULSE DURATION = 250us 
DUTY CYCLE = 0.5% MAX 


Ip(on), ON-STATE DRAIN CURRENT (A) 


0 1.5 3.0 4.5 6.0 7.5 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) Ves, GATE-TO-SOURCE VOLTAGE (V) 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFD14N06L, RFD14NO6LSM, RFP14NO6L 


Typical Performance Curves (continued) 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 


T,, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED DRAIN-SOURCE BREAKDOWN 
VOLTAGE vs JUNCTION TEMPERATURE 


PULSE DURATION = 250s, Vgg = 10V, Ip = 14A 
2.5 


2.0 


1.5 


1.0 


0.5 


'ps(ony» NORMALIZED ON RESISTANCE 


-80 -40 0 40 80 120 160 200 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED rpsjony VS JUNCTION TEMPERATURE 


Vop = 25V, Ip = 14A, Ry = 1.780 


SWITCHING TIME (ns) 


Res, GATE-TO-SOURCE RESISTANCE () 


FIGURE 11. SWITCHING TIME AS A FUNCTION OF GATE 
RESISTANCE 


“Tps(on), ON-STATE RESISTANCE (mq) 


Ves = Vps: Ip = 250A 
2.0 


1.5 


1.0 


0.5 


VasctHy NORMALIZED GATE 
THRESHOLD VOLTAGE 


-80 -40 0 40 80 120 160 200 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
JUNCTION TEMPERATURE 


100 


2.5 3.0 3.5 4.0 4.5 5.0 
Vas, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 10. rps(on) FOR VARYING CONDITIONS OF GATE 
VOLTAGE AND DRAIN CURRENT 


.75 BVpss 
50 BVpss 
.25 BVpss 
Ri = 3.570 
IG(REF) = 0.4mA 
Ves = 5V 


Vps, DRAIN-SOURCE VOLTAGE (V) 
Vgs, GATE-SOURCE VOLTAGE (V) 


le (REF) le (REF) 
lg (ACT) lg (ACT) 
FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 


CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 


20 t, TIME (1s) 80 
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RFD14N06L, RFD14NO6LSM, RFP14NO6L 


Typical Performance Curves (Continued) 


Ves = OV, FREQUENCY (f) = 1MHz 


10 


f SE Ee, “Se” 0 
AG tn. Se ee ee <0 
a HN 


C, CAPACITANCE (pF) 
las» AVALANCHE CURRENT (A) 


1 


0.01 0.1 1 10 
Vos, DRAIN-TO-SOURCE VOLTAGE (V) tay, TIME IN AVALANCHE (ms) 
FIGURE 13. TYPICAL CAPACITANCE vs VOLTAGE FIGURE 14. UNCLAMPED INDUCTIVE SWITCHING. REFER TO 
| HARRIS APPLICATION NOTES AN9321 AND 
AN9322 


POWER DISSIPATION MULTIPLIER 


0] 25 50 75 100 125 150 175 
Tc, CASE TEMPERATURE (°C) 


FIGURE 15. NORMALIZED POWER DISSIPATION vs TEMPERATURE DERATING CURVE 
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RFD14N06L, RFD14NO6LSM, RFP14NO6L 


Test Circuits and Waveforms 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


Ves 


OV 


FIGURE 16. UNCLAMPED ENERGY TEST CIRCUIT 


Vop 


Vos 


DUT 


FIGURE 18. RESISTIVE SWITCHING TEST CIRCUIT 
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BVpss 


ton torr 
to(on) to(oFF) 


Vos 
90% 


10% 
90% 


Ves 50% 


PULSE WIDTH 


10% 


FIGURE 19. RESISTIVE SWITCHING WAVEFORMS 
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RFD14NO06L, RFD14NO6LSM, RFP14NO6L 


Temperature Compensated PSPICE Model for the RFD14NO6L, 


RFP14NO06L 


-<SUBCKT RFP1I4NO6L 213; 
CA 12 8 1.464e-9 
CB 15 14 1.64e-9 
CIN 6 8 6.17e-10 


rev 9/15/94 


DPLCAP 5 


10 


DBODY 7 5 DBDMOD 
DBREAK 511 DBKMOD 
DPLCAP 10 5 DPLCAPMOD 


RSCL2 


EBREAK 11 
EDS 14 
EGS 13 
ESG 6 1 
EVTO 20 6 1 


17 18 65.35 
858 1 
868 1 
0681 
88 1 9 


LGATE RGATE 


GATE 


IT 8 17 1 

CIN 
LDRAIN 2 5 1e-9 

LGATE 1 9 5.68e-9 

LSOURCE 3 7 5.35e-9 


MOS1 16 6 8 8 MOSMOD M=0.99 
MOS2 16 21 8 8 MOSMOD M=0.01 


RBREAK 17 18 RBKMOD 1 
RDRAIN 50 16 RDSMOD 33.16-3 
RGATE 9 20 5.85 

RIN 6 8 1e9 

RSCL1 5 51 RSCLMOD 1e-6 
RSCL2 5 50 1e3 

RSOURCE 8 7 RDSMOD 14.3e-3 
RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 

S1B 13 12 13 8 S1BMOD 
S2A 6 15 14 13 S2AMOD 
$2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 0.485 


ESCL 5150 VALUE = {(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1e6/46,7))} 


RFD14NO06LSM, 


DRAIN 


LDRAIN 2 


DBREAK 


11 


+ 
EBREAK Ge) 


MOS2 


DBODY 


LSOURCE 
3 
“ SOURCE 


RSOURCE 7 


RBREAK 


(f) IT 


= VBAT 


.MODEL DBDMOD D (IS = 2.23e-13 RS = 1.15e-2 TRS1 = 1.64e-3 TRS2 = 7.89e-6 CJO = 6.83e-10 TT = 3.68e-8) 


.MODEL DBKMOD D (RS = 3.8e-1 TRS1 = 1.89e-3 TRS2 = 1.13e-5) 

MODEL DPLCAPMOD D (CJO = 25.7e-11 IS = 1e-30 N = 10) 
[MODEL MOSMOD NMOS (VTO = 1.935 KP = 18.89 IS = 1e-30 N=10 TOX=1 L=1u W= Wu) 
.MODEL RBKMOD RES (TC1 = 7.18e-4 TC2 = 1.53e-6) 
.MODEL RDSMOD RES (TC1 = 4.45e-3 TC2 = 2.9e-5) 
.MODEL RSCLMOD RES (TC1 = 2.8e-3 TC2 = 6.0e-6) 
.MODEL RVTOMOD RES (TC1 = -1.7e-3 TC2 = -2.0e-6) 
.MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -3.55 VOFF= -1.55) 
.MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-1.55 VOFF= -3.55) 
.MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -2.55 VOFF= 2.45) 
.MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 2.45 VOFF= -2.55) 


.ENDS 


For further discussion of the PSPICE model, consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global Temperature 


Options; authored by William J. Hepp and C. Frank Wheatley. 
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- = RFD16NO3L, 
HARES RFD16NO3LSM 


16A, 30V, Avalanche Rated N-Channel Logic Level 


December 1995 Enhancement-Mode Power MOSFETs 
Features Packaging 
e 16A, 30V JEDEC TO-251AA 


SOURCE 


e DS(ON) = 0.0220 


¢ Temperature Compensating PSPICE Model 


, . DRAIN (FLANGE) 
e Can be Driven Directly from CMOS, NMOS, ne 


and TTL Circuits 


e Peak Current vs Pulse Width Curve 
e UIS Rating Curve 
¢ +175°C Operating Temperature 


Description 


The RFD16NO3L and RFD16NO3LSM are N-channel! power 

MOSFETs manufactured using the MegaFET process. This 

process, which uses feature sizes approaching those of 

LSI circuits, gives optimum utilization of silicon, resulting in 

outstanding performance. They were designed for use in Symbol 
applications such as switching regulators, switching convert- : 
ers, motor drivers and relay drivers. This performance is DRAIN 
accomplished through a special gate oxide design which 

provides full rated conductance at gate bias in the 3V - 5V 

range, thereby facilitating true on-off power control directly 

from logic level (5V) integrated circuits. GATE 


PACKAGE AVAILABILITY 


PART NUMBER PACKAGE BRAND 


” 
ma 
~ 2 
ig 
Cg 
oe 
=F 
a. 


RFD16NO3L TO-251AA | 16NO3L Se eoe 
RFD16NO3LSM TO-252AA 16NO03L 
NOTE: When ordering, use the entire part number. Add the suffix 
9A, to obtain the TO-252AA variant in tape and reel, e.g. 
RFD16NO3LSM9A. 
Formerly developmental type TA49030. 
Absolute Maximum Ratings T,. = +25°C 
RFD16NO3L, 
RFD16NO3LSM UNITS 
Drain-Source VONAGe sc ccctve bus woddase oe hdiws anny e eeu nioieerees Voss 30 V 
Didin-Gale VONade 2.4.22 cauig ures motigcnean ewes Se pusee aa ay AMeRe a eee aa VpcrR 30 V 
Gale SOuICe VONA0G sec iduie ghee eee Gnien shied dae eek eae ee ees Ves +10 V 
Drain Current 
RMS CONDNUOUS c6aielitse des vawes oer ed sane oli ee ta taaelen sens Ip 16 A 
PuIsed: Drain CUCM i uc-44o5 ee Canc tanh ie kee oe epER ees ade wre lpm Refer to Peak Current Curve 
PUISEC: Avalanche Rating: cca oie pines nde Raed Ou daws kat Pha eae danas Eas Refer to UIS Curve 
Power Dissipation 
To Sle chu hiatus igh aise aa Se Baa Rae ela 2 BA aah Elan val tape ree ae Pp 90 W 
Detate Above: 425°C 5c wow tak eew ce sina bad aimee s eueere iets 0.606 WC 
Operating and Storage Temperature......... 6.0... cece ee eee ee Tste Ty -55 to +175 °C 
Soldering Temperature of Leads for 10S......... 0... eee ee eee eee TL 260 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 401 3.1 


Copyright © Harris Corporation 1995 5.34 


Specifications RFD16N03L, RFD16NO3LSM 


Electrical Specifications — T, = +25°C, Unless Otherwise Specified 


[PARAMETERS SvmBoL | —_veSTConDTTIONS [MN] WP | WAX | UNITS 
[Bran-SarceBreatdownvotage | Boss o=S0iA Ves +t | | | 
[Gate reso votage | Vesrw | Vea=Voso=20A | + | - | 2 |v | 


V 
Zero Gate Voltage Drain Current Vps = 30V, To = +25°C 1 nA 
Mes OY To = +150°C 
Gate-Source Leakage Current | less Ves = +10V 


Turn-On Delay Time mee is : Bey Vas = 5V, 


| - 
oO 
= 


—_ 
nN 
oO 
a 
77) 


=, 
co) 
r=) 
| 

> 


Rise Time 

Turn-Off Delay Time tp(OFF) 
Fall Time 
Turn-Off Time 

Total Gate Charge 
Gate Charge at 5V 


Threshold Gate Charge 


ms 


~- 


QecroT) Vas = OV to 10V yb = nd 
p = 16A, 
Qa) Vas = 0V to 5V Ri = 150 
QectH) Vas = OV to 1V 


Ciss Vos = 25V, Vas = OV, 
f = 1MHz 


ies) 
Oo 
a 


3 


Input Capacitance 


ne] 


Output Capacitance 


no} 
ms 


Coss 


me 


Reverse Transfer Capacitance Crss 


A 
Rea | _TO-251 and TO-252 


Thermal Resistance Junction-to-Case 


Thermal Resistance Junction-to-Ambient 


Source-Drain Diode Specifications 


. PARAMETERS SYMBOL TEST CONDITIONS 
Forward Voltage Isp = 16A 
Reverse Recovery Time | ta | Isp = 16A, digp/dt = 100A/us 


4 


2 
8 
= 


3 
.@) 
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RFD16N03L, RFD16NO3LSM 


Typical Performance Curves 


Te = +25°C 


Ip, DRAIN CURRENT (A) 


Vps: snanieeaune’ VOLTAGE (V) 


FIGURE 1. SAFE OPERATING AREA CURVE 


ip, DRAIN CURRENT (A) 


25 50 75 100 - 125 150 175 
Tc, CASE TEMPERATURE (°C) 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 


PULSE DURATION = 250us, Tc = +25°C 
100 


75 


50 


Ip, DRAIN CURRENT (A) 


25 


Vos, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 


Zosc, NORMALIZED 
THERMAL RESPONSE 
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- ast a 
Hi a PE 
ieee a fii Ut 
: Wee 
0.41 atl 


PEAK Ty = Pom x Zouc + Tc 


SINGLE PULSE Bill 


0.01 
10°5 104 103 10°? 10°! 10° 10! 
t, RECTANGULAR PULSE DURATION (s) 


FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 


_. 500/77 m0 

< 77] FOR TEMPERATURES 

z ABOVE +25°C DERATE PEAK 

5 CURRENT AS FOLLOWS: 

[+6] 

< 

a. 

S 100 = Ban 28 ae a 

5 EN ees TTT tT 

Ww Ft ee ‘oA 

TTT a ‘amet cit Ht 

| TRANSCONDUCTANCE 

© MAY LIMIT CURRENT HSS TT CUE 

IN R 

< 1 

a a I 

4 Hg 
10 


10° 104 10°3 1072 10° 40’ 
t, PULSE WIDTH (s) 


FIGURE 4. PEAK CURRENT CAPABILITY | 


Vpp = 1 5V 


100 


“ 
oi 


Injony, ON-STATE DRAIN CURRENT (A) 
a 
oe 


25 
PULSE TEST 
PULSE DURATION = 250s 
; DUTY CYCLE = 0.5% MAX 
0 1.5 3.0 4.5 6.0 7.5 


Vas, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFD16NO03L, RFD16NO3LSM 


Typical Performance Curves (continued) 


Ip = 250A Vas = Vos; Ip = 250nA 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 
Vascri» NORMALIZED GATE 
THRESHOLD VOLTAGE 


80  -40 0 40 80 120 160 200 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 7. NORMALIZED DRAIN-SOURCE BREAKDOWN FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
VOLTAGE vs JUNCTION TEMPERATURE JUNCTION TEMPERATURE 
PULSE DURATION = 250s, Ves = 5V, Ip = 16A Ty = 25°C, PULSE DURATION = 250us 


rps(on)» NORMALIZED ON RESISTANCE 
TDS(ON)> ON-STATE RESISTANCE (mQ) 


-80 -40 0 40 80 120 160 200 2.5 3.0 3.5 4.0 4.5 5.0 
Ty, JUNCTION TEMPERATURE (°C) Ves, GATE-TO-SOURCE VOLTAGE (V) 
FIGURE 9. NORMALIZED rpgion) V8 JUNCTION FIGURE 10. TYPICAL rps(on) FOR VARYING CONDITIONS OF 
TEMPERATURE GATE VOLTAGE AND DRAIN CURRENT 


Vop = 15V, lpp = 16A, Ry = 0.93Q 


250 _ e 

> 
ne Vpp = BVpss ar 
200 ¢ } um 
= 150 5) Wy 
- « oc 
ru} =) 5 
z= ° vo) 
= 100 ® ® 
re) = Lu 
E < -25 BVposs be 
= cc o 
77) a if 
2 > 


i i 
o 10 20 30 40 50 G(REF) G(REF) 
Res, GATE-TO-SOURCE RESISTANCE (Q) = Ig(act) eye) Se Ig(act) 


FIGURE 11. TYPICAL SWITCHING TIME AS A FUNCTION OF FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
GATE RESISTANCE CONSTANT GATE CURRENT. REFER TO HARRIS 
_ APPLICATION NOTES AN7254 AND AN7260 
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RFD16NO03L, RFD16NO3LSM 


Typical Performance Curves (continued) 


200 
Vos = OV. f= 1M I 
— ' ow “epee 


2500 100 == 
oh i as 
2000 CoP matt 1 aa 
ny CHIC eects aati 
8 
Q 1500 
= 10 
g ett ti — EES maa eet 
a 1000 oo) oe A Ly ~ CU 
< bine Tritt 
0 CU AA 
° 500 Berti 
1 bail! 
0 0.001 0.01 0.1 1 10 100 
0 5 10 15 20 25 tay, TIME IN AVALANCHE (ms) 
Vos, DRAIN-TO-SOURCE VOLTAGE (V) 
FIGURE 14. UNCLAMPED INDUCTIVE SWITCHING. REFER TO 
FIGURE 13. TYPICAL CAPACITANCE vs VOLTAGE HARRIS APPLICATION NOTES AN9321 AND 


AN9322 
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POWER DISSIPATION MULTIPLIER 


0 25 50 75 100 125 150 175 
Tc, CASE TEMPERATURE (°C) 


FIGURE 15. NORMALIZED POWER DISSIPATION vs TEMPERATURE DERATING CURVE 
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RFD1I6NO03L, RFD16NO3LSM 


Test Circuits and Waveforms 


VARY tp TO OBTAIN 
REQUIRED PEAK las__. 


Ves 


ov 


FIGURE 16. UNCLAMPED ENERGY TEST CIRCUIT 


DUT 


FIGURE 18. RESISTIVE SWITCHING TEST CIRCUIT 
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BVpss 


| tay 


FIGURE 17. UNCLAMPED ENERGY WAVEFORMS 


ton torr 
tp(on) to(orF) 
V 
90% 
10% 
90% 
Vas 50% 


PULSE WIDTH 


10% 


FIGURE 19. RESISTIVE SWITCHING WAVEFORMS 


RFD16NO3L, RFD16NO3LSM 


Temperature Compensated PSPICE Model for the RFD16N03L, RFD16NO3LSM 
.SUBCKT RFDI6NO3L 213; rev 12/12/94 


CA 12 8 2.55e-9 DPLCAP 5 DRAIN 
CB 15 14 2.64e-9 10 Ang 2 
CIN 6 8 1.45e-9 


DBODY 7 5 DBDMOD 
DBREAK 5 11 DBKMOD RSCL2 + 51 
DPLCAP 10 5 DPLCAPMOD (3) ESCL 


EBREAK 11 7 17 18 33.3 P 50 11] 
+ DBODY 


RDRAIN 
ESG ) 16 EBREAK (73) 


x . VIO, 


8 1 

8 1 } 
8 1 EVTO 

8 8 GATE 9 20+ 21 


1 1 oe eo Oe MOS1 
LGATE RGATE 8 


IT 8 17 1 ae Cin 


LDRAIN 2 5 1e-9 8 RSOURCE | 7 LSOURCE 
LGATE 1 9 3.4e-9 © SOURCE 
LSOURCE 3 7 3.4e-9 


MOS1 16 6 8 8 MOSMOD M=0.99 2h a sedis 
MOS2 16 21 8 8 MOSMOD M=0.01 3 4 17 


RBREAK 17 18 RBKMOD 1 S1B 9 © S2B RVTO 
RDRAIN 50 16 RDSMOD 0.14e-3 at 3 cB, 7 
RGATE 9 20 0.89 F ; Ou 


RIN 6 8 1e9 
EGS EDS 
RSCL1 5 51 RSCLMOD 1e-6 =) : 


RSCL2 5 50 1e3 
RSOURCE 8 7 RDSMOD 10.31e-3 
RVTO 18 19 RVTOMOD 14 


S1A 6 12 13 8 SIAMOD 

S1B 13 12 13 8 S1BMOD 
S2A 6 15 14 13 S2AMOD 
S2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 0.583 


ESCL 5150 VALUE = {(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1e6/176,6))} 


MODEL DBDMOD D (IS = 3.61e-13 RS = 5.06e-3 TRS1 = 3.05e-3 TRS2 = 7.57e-6 CJO = 2.16e-9 TT = 2.18e-8) 
MODEL DBKMOD D (RS = 1.66e-1 TRS1 = -2.97e-3 TRS2 = 7.57e-6) 

MODEL DPLCAPMOD D (CUO = 0.96e-9 IS = 1-30 N = 10) 

MODEL MOSMOD NMOS (VTO = 2.313 KP = 53.82 IS = 1e-30 N=10 TOX=1 L=1u W=1u) 
MODEL RBKMOD RES (TC1 = 8.95e-4 TC2 = -1e-7) 

MODEL RDSMOD RES (TC1 = 3.92e-3 TC2 = 1.29e-5) 

MODEL RSCLMOD RES (TC1 = 2.03e-3 TC2 = 0.45e-5) 

MODEL RVTOMOD RES (TC1 = -2.27e-3 TC2 = -5.75e-7) 

MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -4.82 VOFF= -2.82) 

MODEL S1BMOD VSWITCH (RON = te-5 ROFF = 0.1 VON =-2.82 VOFF= -4.82) 

.MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -2.67 VOFF= 2.33) 

MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 2.33 VOFF= -2.67) 


-ENDS 


NOTE: For further discussion of the PSPICE model, consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options; written by William J. Hepp and C. Frank Wheatley. 
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O) HARRIS -RFP23NO6LE, RF1S23NO6LE, 


SEMICONDUCTOR 


RF1S23NO6LESM 


23A, 60V, ESD Rated, Avalanche Rated, Logic Level 


December 1995 


Features 

° 23A, 60V 

Fps(ON) = 0.0652 

¢ 2kV ESD Protected 

¢ Temperature Compensating PSPICE Model 


e Peak Current vs Pulse Width Curve 
¢ UIS Rating Curve 
¢ +175°C Operating Temperature 


Description 


The RFP23NO6LE, RF1S23NO6LE, and RF1S23NO6LESM 
are N-channel power MOSFETs manufactured using the 
MegaFET process. This process, which uses feature sizes 
approaching those of LSI circuits, gives optimum utilization 
of silicon, resulting in outstanding performance. They were 
designed for use in applications such as_ switching 
regulators, switching converters, motor drivers, and relay 
drivers. These transistors can be operated directly from 
integrated circuits. | 


PACKAGE AVAILABILITY 


PART NUMBER PACKAGE BRAND 


N-Channel Enhancement-Mode Power MOSFETs 


Packaging 


JEDEC TO-220AB 
SOURCE 


JEDEC TO-262AA 
SOURCE 


Symbol 
RFP23NO6LE TO-220AB FP23NO06L D 
RF1S23NO6LE TO-262AA F23NO6LE 
RF1S23NO6LESM TO-263AB F23NO6LE 
NOTE: When ordering, use the entire part number. Add the suffix _ 
9A to obtain the TO-263AB variant in tape and reel, i.e. 
RF1S23NO6LESMO9A. 
Formerly developmental type TA49165. 
S 
Absolute Maximum Ratings (T, = +25°C) 
RFP23NO6LE, RF1S23NO06LE, 
RF1S23NO6LESM UNITS 
Drain-SOuCe VOUNAGG 5 isu. xc lentes a ha PEK Rae SOS Cee e a Bao eal aes Voss 60 V 
Drain-Gate Voltage (Rgg = 1MQ)..... 0. cee renee eee eee VoeR 60 V 
Gate-Source Voltage (Note)... 6. ce eee ee teens Ves +10 V 
Drain Current 
CORUNUOUS* irik ne oes wea ath ee Ria e pa Dearest ed Reg eeeeane ahs Ip 23 A 
Puised Drain Cunent 695 a ee eee aS a ee Ease ees Pee ee eS lom Refer to Peak Current Curve 
Pulsed Avalanche Rating... . 26.6. cece cece ee eee ee eee ee tere ew eneds Eas Refer to UIS Curve 
Power Dissipation 
TEE elO weal eee Saas seperaadn Digtite dae ci Oe ey ae araae Pp 75 Ww 
DGrate abOVE 425°C a4 ok oan eons Bea sG eee eee eana he US EA ee dunes 4 0.5 Ww/°C 
Operating and Storage Temperature ...... 0.0... cece eee eee Tsta Ty -55 to +175 °C 
Soldering Temperature of Leads for 10S ...... 0... 0c eee cece eee eens TL 260 °C 
Electrostatic Discharge Rating MIL-STD-883, Category B(2) ............... ESD 2 kV 


NOTE: May be exceeded if gate current is limited to 1mA. 


Copyright © Harris Corporation 1995 


File Number 4077.1 
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Specifications RFP23NO6LE, RF1S23NO6LE, RF1S23NO6GLESM 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


[earners [eveor | vesreovomons [ww [rer [war [ows 
Es 
Zero Gate Voltage Drain Current ice ee ee 

eaere [= [om 


Tps(on) | !p = 23A, Vas = 5V 


Gate-Source Leakage Current 


On Resistance 


—_ 
©?) 
So 


Turn-On Time Vop = 30V, Ip = 23A, Ry, = 1.302, 


Ves = 5V, Reg = 2.52 


Turn-On Delay Time tp(on) 


Rise Time 


Turn-Off Delay Time tp(OFF) 


Fall Time 


Turn-Off Time 100 


Tn 


F 


Total Gate Charge 


=] 


Qacot) | Ves = OV to 10V | Vpp = 48V, 
Qa) Ves = OV to 5V 
QectH) Ves = OV to 1V 


Vos = 25V, Vag = OV, f = 1MHz 


Gate Charge at 5V 


> 


—_, 
Nh 
=] 


Threshold Gate Charge 


Input Capacitance Ciss 


ne] 
7a 


Output Capacitance Coss 


N 
oO 
no] 
Tn 


Reverse Transfer Capacitance Crss 


Thermal Resistance Junction-to-Case Rey °C, 


c /W 


Source-Drain Diode Ratings and Specifications 


PARAMETERS SYMBOL TEST CONDITIONS | win | Tye | MAX UNITS 
Reverse Recovery Time | tan Isp = 23A, digp/dt = 100A/ys p= f= | 88 | ons | 


Tc 
TT 
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RFP23NO6LE, RF1S23NO6LE, RF1S23NO6LESM 


Typical Performance Curves 
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FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 


PULSE DURATION = 250us, Tp = +25°C 


Ip, DRAIN CURRENT (A) 
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FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 


Ipjon), ON-STATE DRAIN CURRENT (A) 


au tt ttt 50) rs ee 

er CoC 

ae mr Ite ee FOL 

vi cit || 


TT Le 
ea 
a 


Zoyc, NORMALIZED 
THERMAL RESPONSE 


a 
CL Hf 
+72 
Att 


10°5 o4 10° 10° 10°! 10° 10! 
7 RECTANGULAR PULSE DURATION (s) 


FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 
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FIGURE 4. PEAK CURRENT CAPABILITY 


low, PEAK CURRENT CAPABILITY (A) 


PULSE TEST 
PULSE DURATION = 250us 
DUTY CYCLE = 0.5% MAX 


Vgs, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFP23NO6LE, RF1S23NO6LE, RF1S23NO6LESM 


Typical Performance Curves (continued) 


Ip = 250A 
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FIGURE 7. NORMALIZED DRAIN-SOURCE BREAKDOWN 
VOLTAGE vs JUNCTION TEMPERATURE 


PULSE DURATION = 2508, Veg = 5V, Ip = 23A 
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FIGURE 9. NORMALIZED rpgion) VS JUNCTION 
TEMPERATURE 


jee Vpp = 30V, Ip = 23A, R, = 1.300 
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FIGURE 11. SWITCHING TIME AS A FUNCTION OF GATE 
RESISTANCE 
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FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
JUNCTION TEMPERATURE 


PULSE DURATION = 250u8, Vopp = 15V 
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FIGURE 10. rpscony FOR VARYING CONDITIONS OF GATE 
VOLTAGE AND DRAIN CURRENT 
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Vpp = BVpss Vpp = BVpss 


PLATEAU VOLTAGES IN 
DESCENDING ORDER: 
Vpp = BVpss 1.25 
Vpp = 0.75 BVpss 
Vpp = 0.50 BVpss 
Vop = 0.25 BVpss 


Vps, DRAIN-SOURCE VOLTAGE (V) 
Vgs, GATE-SOURCE VOLTAGE (V) 
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FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 
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RFP23NO6LE, RF1S23NO6LE, RF1S23NO6LESM 


Typical Performance Curves (continued) 


Vas = OV, FREQUENCY (f) = 1MHz 


1200 | = on 
To oH 
~ y _____ > 1 _t ttle | i | 1 2 ot Lill 
< CTS ES Hl 
c = hiss abc ea SLL LTE TTT 
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{Re 
: tan = (UR)IN{(Igg*RV(1.3°RATED BVpss - Vp) +1] prtlll | 
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FIGURE 13. TYPICAL CAPACITANCE vs VOLTAGE FIGURE 14. UNCLAMPED INDUCTIVE SWITCHING. REFER TO 
HARRIS APPLICATION NOTES AN9321 AND 
AN9322 


POWER DISSIPATION MULTIPLIER 
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FIGURE 15. NORMALIZED POWER DISSIPATION vs TEMPERATURE DERATING CURVE 
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RFP23NO6LE, RF1S23NO6LE, RF1S23NO6LESM 


Test Circuits and Example Waveforms 
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REQUIRED PEAK las 


OV 


FIGURE 16. UNCLAMPED ENERGY TEST CIRCUIT 
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FIGURE 18. RESISTIVE SWITCHING TEST CIRCUIT 
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FIGURE 19. RESISTIVE SWITCHING WAVEFORMS 


” 
oth 
WW i 
> 
Lu O 
1s 
Cg 
Sw 
3% 
a. 


RFP23NO06LE, RF1S23NO6LE, RF1S23NO6LESM 


Temperature Compensated PSPICE Model for the RFP23NO6LE, RF1S23NO6LE, 
RF1S23NO6LESM 


SUBCKT 23NO6LE 2 13; rev 9/27/95 


CA 12 82.60e-9 . LDRAIN 

CB 15 142.55e-9 DPLCAP 5 DRAIN 
CIN 6 8 7.75e-9 en > 2 
DBODY 7 5 DBODYMOD RLDRAIN 
DBREAK 5 11 DBREAKMOD 
DESD1 919 DESD1MOD 


DESD2 91 7 DESD2MOD 
DPLCAP 10 5 DPLCAPMOD 


EBREAK 11 7 17 18 66.01 

EDS 1485 8 1 

EGS 13868 1 

ESG 6 10 6 8 1 

EVTHRES 6 21198 1 

EVTEMP 20 6 18 22 1 LGATE 


IT 8 17 1 iof | 


LDRAIN 2 5 1e-9 RLGATE 
LGATE 1 9 5.15e-9 
LSOURCE 3 7 5.156-9 


DBODY 


LSOURCE 


mee SOURCE 
0 3 
MMED 16 6 8 8 MMEDMOD 


MSTRO 16 6 8 8 MSTROMOD RLSOURCE 
MWEAK 16 21 8 8 MWEAKMOD sia 6 4 SOA 


RBREAK 17 18 RBREAKMOD 1 12 eee 17 
RDRAIN 50 16 RDRAINMOD 15e-3 
RGATE 9 20 2.5 SiB 9 9 S2B 
RLDRAIN 2 5 10 13 ee 
RLGATE 1951.5 Ol 19 
RLSOURCE 3'7 51.5 ; 
RSLC1 5 51 RSLCMOD 1e-6 = VBAT 
RSLC2 5 50 163 7 EGS (3) EDS (3) + 
RSOURCE 8 7 RSOURCEMOD 20.0e-3 > > 
RVTHRES 22 8 RVTHRESMOD 1 8 
RVTEMP 18 19 RVTEMPMOD 1 

| RVTHRES 
S1A 6 12 13 8 S1{AMOD 
SiB 13 12 13 8 S1BMOD 
S2A 6 15 14 13 S2AMOD 
S2B 13 15 14 13 S2BMOD 


VBAT 2219 DC 1 
ESLC 5150 VALUE = {(V(5,51/ABS(V(5,51)))*(PWR(V(5,51)/(1e-6"78),7.5))} 


.MODEL DBODYMOD D (IS = 3.18e-13 RS = 9.14e-3 TRS1 = 1.84e-3 TRS2 = 9.51e-7 CJO = 7.22e-10 TT = 4.96e-8 M = 0.44) 
.MODEL DBREAKMOD D (RS = 1.39e-1 TRS1 = -5.20e-4 TRS2 = -4.16e-6) 

.MODEL DESD1MOD D (BV = 12.35 TBV1 = 0 TBV2 = 0 RS = 45 TRS1 = 1.2e-6 TRS2 = 0) 

.MODEL DESD2MOD D (BV = 12.36 TBV1 = 0 TBV2 = 0 RS = 0 TRS1 = 1.2e-6 TRS2 = 0) 

.MODEL DPLCAPMOD D (CJO = 5e-10 IS = 1e-30 N= 10 M = 0.60) 

-MODEL MMEDMOD NMOS (VTO = 1.59 KP = 1.75 S = 1e-30 N=10 TOX=1 L=1u W= 1uAG =2.5) 

.MODEL MSTROMOD NMOS (VTO = 1.90 KP = 29S = 1e-30 N=10 TOX=1 L=1u W=1u) 

-MODEL MWEAKMOD NMOS (VTO = 1.378 KP = 0.075 IS = 1e-30 N=10 TOX=1 L=1u W= 1uRG = 25 RS = 0.1) 
.MODEL RBREAKMOD RES (TC1 = 9.99e-4 TC2 = 7.71e-12) 

.MODEL RDRAINMOD RES (TC1 = 1.27e-2 TC2 = 4.73e-5) 

.MODEL RSLCMOD RES (TC1 = 2.416-3 TC2 = 5.10e-6) 

.MODEL RSOURCEMOD RES (TC1 =0 TC2 = 0) 

.MODEL RVTHRESMOD RES (TC1 = -1.11e-3 TC2 = -4.33e-6) 

.MODEL RVTEMPMOD RES (TC1 = -1.34e-3 TC2 = 1.120-6) 

MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF =0.1 VON = -4.7 VOFF = -1.7) 

-MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF =0.1 VON =-1.7 VOFF = -4.7) 

-.MODEL S2AMOD VSWITCH (RON = 16-5 ROFF = 0.1 VON =-1.2 VOFF = 1.8) 

«MODEL S2BMOD VSWITCH (RON = 16-5 ROFF =0.1 VON = 1.8 VOFF =-1.2 


.ENDS 
NOTE: 


1. For further discussion of the PSPICE model, consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options; IEEE Power Electronics Specialist Conference Records, 1991. 


5-44 


tae HARRIS RFP3SONO6GLE, RF1S30NO6LE, 
—_— ees RF1IS30NO6LESM 


30A, 60V, ESD Rated, Avalanche Rated, Logic Level 
July 1995 N-Channel Enhancement-Mode Power MOSFETs 


Features Packages 
JEDEC TO-220AB 


* 30A, 60V SOURCE 
DRAIN 


° 2kV ESD Protected 
¢ Temperature Compensating PSPICE Model meer 
e Peak Current vs Pulse Width Curve (FLANGE) 
¢ UIS Rating Curve 
JEDEC TO-262AA 
Description DRAIN 
GATE 
The RFP3O0NO6LE, RF1S30NO6LE and RF1S30NO6LESM 
are N-Channel power MOSFETs manufactured using the DRAIN 
MegaFET process. This process, which uses feature sizes (FLANGE) 


approaching those of LSI integrated circuits gives optimum 
utilization of silicon, resulting in outstanding performance. 
They were designed for use in applications such as switch- JEDEC TO-263AB 
ing regulators, switching converters, motor drivers and relay 
drivers. These transistors can be operated directly from inte- 


whe DRAIN 
grated circuits. ™<— (FLANGE) 


These transistors incorporate ESD protection and are pe ae 
designed to withstand 2kV (Human Body Model) of ESD. 
PACKAGE AVAILABILITY ond ft 
Symbol wu. 
PARTNUMBER | PACKAGE | BRAND 5 in 
RFP3ONO6LE TO-220AB —_— | FSO0NO6LE 7E = 
RF1S30NO6LE TO-262AA _| 1S30NO6L 5 & 
RF1S30NO6LESM TO-263AB —_| 1S30NO6L : ° 3 
NOTE: When ordering use the entire part number. Add suffix, 9A, to QO. 
obtain the TO-263 variant in tape and reel i.e. RF1S3ONO6LESM9A. 
Formerly developmental type TA49027. 
Ss 
Absolute Maximum Ratings T, = +25°C 
RFP30NO6LE, RF1S30NO6LE, 
RF1S30NO6LESM UNITS 
Drain SOUICE VONAGG): ¢s.tteddd Cownhcte comme oe aaa Sew aise ye oS Vpss 60 V 
Drain Gate Vonage ouiccies Gadd behead sae tee de etet eke bE ES estes VpcR 60 V 
Gate Source VONAG6 vcs dinosnst ie ine tow te terete Maced atwtas Ves +10, -8 V 
Drain Current 
RMS: COnnnuOus: isi Sas aie ered ho ets oe ea eaw eee es Ip 30 A 
Pulsed: DIdin CUNERT + sissnckanteedas aaa ea es deices Ohmee SEIN Seeae es low Refer to Peak Current Curve 
Pulsed Avalanche Rating i s.c.issickte rie ee sawed oe bao eels eS eel yoy Eas Refer to UIS Curve 
Power Dissipation 
Tea 42s CO cciee owl php ha eens Sue eae sk Sy we ee we Re OR Pp 96 Ww 
Datate abOV6. 425°C 3: 3.0 ero dt Gn set ect edi malere ls ceamnd eee morse 0.645 WC 
Electrostatic Discharge Rating, MIL-STD-883, Category B(2)............... ESD 2 kV 
Operating and Storage Temperature ............. 0.0 cece eee ee eens Tsta: Ty -55 to +175 °C 
Soldering Temperature of Leads for 10s ......... 0... . eee eee ee TL 260 a © 
Copyright © Harris Corporation 1995 File Number 3629.1 


Specifications RFP30NO6LE, RF1S30NO6LE, RF1S30NO6LESM 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS | MIN, | TYP | MAX | UNITS 
_ | Drain-Source Breakdown Voltage Ip = 250pA, Ves = OV pe J = J - [ove 
Gate Threshold Voltage Vas = Vos Ip = 250nA 2 V 


Zero Gate Voltage Drain Current ia To = +25°C 


> 


5 A 


R, = 12, Veg = 5V, 
a 


c 
> 


c 


0.047 Q 


140 


atk. 
—_ 


0 
© 


100 


on 
—s 
co?) 
N 


we) 
res) 
& 
3 = 
mE 7?) 


3 
QO 


Gate Charge at 5V | Qa) Ves = OV to 5V 

Threshold Gate Charge Ves = OV to 1V 

Input Capacitance Vos = 25V, Ves = OV, 
f = 1MHz 

Output Capacitance 

Reverse Transfer Capacitance 

Thermal Resistance Junction to Ambient Roja ae 


Source-Drain Diode Specifications 


PARAMETER _ SYMBOL TEST CONDITIONS | min | TYP | MAX | UNITS 


=) 
©) 


1350 | 


ne] 
7 


N 
ice) 
Oo 
7 


p 


85 p 


>) 


5 


on 


Be 
oO 


°C/W 


°C/W 


—_k 
Faas . 


5-46 


RFP30NO6LE, RF1S30NO6LE, RF1S30NO6LESM 


Typical Performance Curves 
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FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 


PULSE DURATION = 250u1s, Tc = +25°C 


Ip, DRAIN CURRENT (A) 
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Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 
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FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 
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FIGURE 4. PEAK CURRENT CAPABILITY 
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FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFP3ONOG6LE, RF1S30NO6LE, RF1S30NO6LESM 


Typical Performance Curves (continued) 


PULSE DURATION = 250s, Vgs = 5V, Ip = 30A 


r DS(ON)» NORMALIZED 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED rpgion) VS JUNCTION TEMPERATURE 


BVpss, NORMALIZED 
DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
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FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN 
VOLTAGE vs TEMPERATURE 
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FIGURE 11. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 
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FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE 


POWER DISSIPATION MULTIPLIER 
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Tc, CASE TEMPERATURE (°C) 


FIGURE 10. NORMALIZED POWER DISSIPATION vs 
TEMPERATURE DERATING CURVE 


60 5.00 


0.75 BVpss 0.75 BVpss 
0.50 BVpgg 0.50 BVpgg 
0.25 BVpsg (0.25 BVpss 
R, = 2.0Q 
IG(REF) = 0.62mA 
Ves = 5V 
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Vgs, GATE SOURCE VOLTAGE (V) 
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t, TIME (s) 80 
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FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 


5-48 


RFP30NO6LE, RF1S30NO6LE, RF1S30NO6LESM 


Typical Performance Curves (continued) 
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FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 


Test Circuits and Waveforms 


Vos BVpss 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


Ves 


OV 


LOGIC LEVEL 
POWER MOSFETs 


FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT 


Vop ton torr 
tp(on) to(oFF) 
R. 
Vos 90% 
Vos 6 
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[| 10% 
wv 90% 
R 
Ves 50% 
DUT PULSE WIDTH 
10% 
FIGURE 16. RESISTIVE SWITCHING TEST CIRCUIT FIGURE 17. RESISTIVE SWITCHING WAVEFORMS 
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RFP30NO6LE, RF1S30NO6LE, RF1S30NO6LESM 


Temperature Compensated PSPICE Model for the RFP30NO6LE, RF1S30NO6LE, 
RF1S30NO6LESM 


SUBCKT RFP30NO6LE 213; rev 6/2/93 
CA 128 1 3.34e-9 
CB 15 14 3.44e-9 
CIN 6 8 0 1.343e-9 

DPLCAP 5 DRAIN 
DBODY 7 5 DBDMOD 10 D2 
DBREAK 5 11 DBKMOD LDRAIN 
DESD1 919 DESD1MOD RSCL2 RSCL1 
DESD2 91 7 DESD2MOD 451 DBREAK 
DPLCAP 10 5 DPLCAPMOD en 


4 11 
EBREAK 117 1718 75.39 50 
so @) 
+ 


EBREAK 1+ 


EDS 148581 RDRAIN © DBODY 


EGS 13868 1 Fr 
ESG 610681 Vro : 


EVTO 206 188 1 “ah ose 
GATE gig | 


9 20 + - 6 
MOS1 


CIN 


IT8 171 


LDRAIN 2 5 1e-9 
LGATE 1 9 7.22e-9 
LSOURCE 37 6.31e-9 


RSOURCE | LSOURCE 


> 3 
CRE © 


SOURCE 


MOS1 16 6 8 8 MOSMOD M = 0.99 
16 21 8 8 MOSMOD M = 0.01 

MOS2 16 21 8 8 MOSMOD M = 0.0 2; ars ____RBREAK 

RBREAK 17 18 RBKMOD 1 | 

RDRAIN 50 16 RDSMOD 11.86e-3 SiB 9 869 S2B RVTO 

RGATE 9 20 2.52 | a 

CA 

RIN 6 8 169 ‘ ,|14 

RSCL1 5 51 RSLVCMOD 1e-6 

RSCL2 5 50 163 Eas (6) eps (3) + 

RSOURCE 8 7 RDSMOD 26.6e-3 = : 

RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 
$1B 13 12 13 8 S1BMOD 
S2A 6 15 1413S2AMOD © 
S2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 216 0.5 


ESCL 5150 VALUE = {(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1e6/89, 7)) 


.MODEL DBDMOD D (IS = 3.80e-13 RS = 1.12e-2 TRS1 = 1.61e-3 TRS2 = 6.08e-6 CJO = 1.05e-9 TT = 3.84e-8) 
.MODEL DBKMOD D (RS = 1.82e-1 TRS1 = 7.50e-3 TRS2 = -4.0e-5) 

MODEL DESD1MOD D (BV = 13.54 TBV1=0 TBV2=0 RS =45.5 TRS1=0 TRS2=0) 

MODEL DESD2MOD D (BV = 11.46 TBV1 = -7.576e-4 TBV2 = -3.0e-6 RS=0 TRS1=0 TRS2=0) 
MODEL DPLCAPMOD D (CJO = 0.591e-9 IS = 1e-30 N = 10) 

MODEL MOSMOD NMOS (VTO = 1.94 KP = 139.2 IS = 1e-30 N= 10 TOX=1 L=1u W= 1u) 
.MODEL RBKMOD RES (TC1 = 1.07e-3 TC2 = -3.03e-7) 

.MODEL RDSMOD RES (TC1 = 5.38e-3 TC2 = 1.64e-5) 

.MODEL RSLVCMOD RES (TC1 = 1.75e-3 TC2 = 3.90e-6) 

.MODEL RVTOMOD RES (TC1 = -2.15e-3 TC2 = -5.43e-6) 

.MODEL S1AMOD VSWITCH (RON = 16-5 ROFF = 0.1 VON = -4.05 VOFF = -1.5) 

.MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-1.5 VOFF = -4.05) 

MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-2.2 VOFF = 2.8) 

-MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =2.8 VOFF = -2.2) 


-ENDS 


NOTE: For further discussion of the PSPICE model, consult A New PSPICE Sub-Circuit for the Power MOSFET Featuring Global 
Temperature Options; IEEE Power Electronics Specialist Conference Records 1991. 
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Mh HARRIS RFG40N10LE, RFP40N10LE, 
UB) semiconoucton PEISAQNIOLE, RF1S40N10LESM 


40A, 100V, ESD Rated, Avalanche Rated, Logic Level 


December 1995 N-Channel, Enhancement-Mode Power MOSFETs 
Features Packages 
e 40A, 100V JEDEC STYLE TO-247 


® 'Dps(ON) = 0.0400 

e 2kV ESD Protected 

Temperature Compensating PSPICE Model BAIN 
¢ Peak Current vs Pulse Width Curve (FLANGE) 


e UIS Rating Curve = 
¢ +175°C Operating Temperature 
Description 


The RFG40N10LE, RFP40N10LE, RF1S40N10LE, and RF1S40N10LESM 
are N-channel power MOSFETs manufactured using the MegaFET pro- JEDEC TO-220AB 

cess. This process, which uses feature sizes approaching those of LSI cir- SOURCE 
cuits, gives optimum utilization of silicon, resulting in outstanding 
performance. They were designed for use in applications such as switching 
regulators, switching converters, motor drivers, and relay drivers. These 
transistors can be operated directly from integrated circuits. 


PACKAGE AVAILABILITY 


JEDEC TO-262AA 


SOURCE 
RF1S40N10LESM TO-263AB F40N10LE aire 2 
DRAIN GATE i 
NOTE: When ordering, use the entire part number. Add the suffix, 9A, to obtain the (FLANGE) Lu i. 
TO-263AB variant in tape and reel, i.e. RFiS40N10LESM9A. 4 
Formerly developmental type TA49163. | aos 
Oo x 
Symbol -F 
ympo D al 3 
JEDEC TO-263AB a. 
G 
DRAIN 
—“<— (FLANGE) 
GATE 
Ss SOURCE 


Absolute Maximum Ratings T,. = +25°C 
RFG40N10LE, RFP40N10LE, 
RF1S40N10LE, RF1S40N10LESM UNITS 


Dralli-SOurce VONAGE .c5 2 cs Shee seek Se axis We Met doa SoS eta Es Seas eee Voss 100 V 
Drain-Gate Voltage (Res SM atta ed eet eneatioewldaleckeths nae VpoarR 100 V 
Gate-Source Voltage (Note)... 0... ce eee eee eens Ves +10 V 
Continuous Drain CUMON acc. r iawn ete seek ete eae eke water eet Ip 40 A 
Pulsed: Drain Current. ).1sius cians i es eiee eee Ww aee ee eed oss sala okie d lom Refer to Peak Current Curve 
Pulsed Avalanche: RainQadsiswsedee ten gowee vice beeen ea wae bea ewes Eas Refer to UIS Curve 
Power Dissipation 
Teo Se a nbs i as alee sel le HUG dinette aca Ge ea a ty Re late a sa ewes Pp 150 WwW 
Delate above 4250056 9.0. ti nce toe eae n ena ew aus ees eee es 1.00 WPC 
Operating and Storage Temperature ......... 00. c cece eee eee eee Tstq@ Ty -55 to +175 °C 
Soldering Temperature of Leads for 10S ........... cc ccc cee eee eee eee eee in 260 °C 
Electrostatic Discharge Rating MIL-STD-883, Category B(2) ............... ESD 2 kV 
NOTE: May be exceeded if gate current is limited to 1mA. 
Copyright © Harris Corporation 1995 File Number 4061.1 
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_ Specifications RFG40N10LE, RFP40N10LE, RF1S40N10LE, RF1S40N10LESM 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


| PARAMETER SYMBOL "TEST CONDITIONS | MIN | TYP | MAX UNITS 
Drain-Source Breakdown Voltage Ip = 250pA, Veg = OV 7 tn eee 
Gate Threshold Voltage Vas = Vos) Ip = 250HA V 


Zero Gate Voltage Drain Current 

[earssoeetamamowon [tow [Ween 
R, = 1.250, Ves = 5V, 

i 


Turn-Off Time 


+= 


> 


a = 
> 


0.040 Q 


140 


© 


165 
Total Gate Charge Veg = 0V to 10V | Vp = 80V, 145 | 180 
Gate Charge at 5V Ves = OV to 5V 105 


S 


Threshold Gate Charge Veg = OV to 1V 

Input Capacitance Vos = 25V, Ves = OV, 
f = 1MHz 

Output Capacitance 

Reverse Transfer Capacitance 


Thermal Resistance Junction-to-Case 


Source-Drain Diode Specifications 


PARAMETER | symBot TEST CONDITIONS | MIN | TYP UNITS 
Reverse Recovery Time | tae | Isp = 40A, digp/dt = 100A/us po ff 208 | ons | 


Tl 


so 
Ti 


a} Ss 4 


°C/W 


S 
= 


Thermal Resistance Junction-to-Ambient TO-247 


TO-220, TO-262, and TO-263 


qo} : 
ne] 
=F 
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RFG40N10LE, RFP40N10LE, RF1S40N10LE, RF1S40N10LESM 


Typical Performance Curves 


Te = +25°C 


< ws 
a” 
5 mF uz 
ud ma 8 5 2 
ce HL = eens 23 Peed imi tt eee 
3 rt =c Teer) TTT 
2 od ase ang etl 
— gine 
< SE 1 te a iii | 1 
a aT) = — 
a N = _— an aa om 
i OPERATION IN THIS +b Sake Ht 
AREA MAY BE 100ms a Bing 
105 104 10° 10? 10°71 10° 10! 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) t, RECTANGULAR PULSE DURATION (s) 
FIGURE 1. SAFE OPERATING AREA CURVE FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 
To = 425°C 
= 7° [OMT For temreratures 
> a lil ABOVE +25°C DERATE PEAK 
= CURRENT AS FOLLOWS: 
= CRM ae I cme 
bE m = 
2 < S811 ae =| [ iia) 
li a. ~ 
rm a Ca 150 
= = 100 mmeatil SCOOT eT 
oO 2 NNT 
z : iimmaate aa 
= x CA PE DANCE TM CUM errata 
= = IN THIS REGION 111 
. 1 
5 
10 
25 50 75 100 125 150 175 10° 104 10°3 102 10°1 10° 10! 
Tc, CASE TEMPERATURE (°C) t, PULSE WIDTH (s) 
FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs FIGURE 4. PEAK CURRENT CAPABILITY 
TEMPERATURE 
PULSE DURATION = 250us, Tg = +25°C Vop = 15V 
< 
- 
~ lu 
< c 
2 3 
a z 
< 
3 ra 
z fe 
< < 
3 7 
rT: z 
) PULSE TEST 
Zz PULSE DURATION = 250s 
a DUTY CYCLE = 0.5% MAX 


0 1.5 3.0 4.5 6.0 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) Vgs, GATE-TO-SOURCE VOLTAGE (V) 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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LOGIC LEVEL 
POWER MOSFETs 


RFG4ON10LE, RFP40N10LE, RF1S40N10LE, RF1S40N10LESM 


Typical Performance Curves (Continued) 


Ip = 250pA 


1.50 


1.25 


1.00 


0.75 


BREAKDOWN VOLTAGE 


BVpss, NORMALIZED DRAIN-TO-SOURCE 


-80 -40 0 40 80 120 ~~ 160 200 | 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED DRAIN-SOURCE BREAKDOWN 
VOLTAGE vs JUNCTION TEMPERATURE 


PULSE DURATION = 2508, Vgs = 5V, Ip =40A _ 


fos(ony NORMALIZED ON RESISTANCE 


“80-40 0 40 80 120 160 200 
T,, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED rpsjon) VS JUNCTION 
TEMPERATURE 


Vop = 50V, Ip = 40A, Ry= 1.250 


SWITCHING TIME (ns) 


Regs, GATE-TO-SOURCE RESISTANCE (Q) 


FIGURE 11. SWITCHING TIME AS A FUNCTION OF GATE 
RESISTANCE 


Vas = Vps; Ip = 250HA 


Vesirny NORMALIZED GATE 
THRESHOLD VOLTAGE 


-80 -40 0 40 80 120 160 200 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
JUNCTION TEMPERATURE 


PULSE DURATION = 250u8, Vpp = 15V 
100 


a =~ 
i a 


rps(on) ON-STATE RESISTANCE (m0) 
N 
ol 


0 
2.0 2.5 3.0 3.5 4.0 4.5 5.0 
Vag, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 10. rpsjon) FOR VARYING CONDITIONS OF GATE 
VOLTAGE AND DRAIN CURRENT 


100 5.00 
Vpp = BVpss Vpp = BVoss 
75 3.75 
R, = 2.50 
Iq(REF) ty 1.7mA 


50 tr Vas = 5V Ne} 2.50 
| PLATEAU VOLTAGES IN 
DESCENDING ORDER: 
Vpp = BVpss 
25 Vpp = 0.75 BVpsg 1.25 
Vpp = 0.50 BVpss 
Vp = 0.25 BVpss 


Vps, DRAIN-SOURCE VOLTAGE (V) 


Vgs, GATE-SOURCE VOLTAGE (V) 


1 
20 G (REF) 


t, TIME (us) go ORF) 


le (ACT) G (ACT) 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 
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RFG40N 10LE, RFP40N10LE, RF1S40N10LE, RF1S40N10LESM 


Typical Performance Curves (continued) 


Ves = OV, f = 1MHz 200 aillll| 
== Smeaett 
—_. 


coh 
z_N tt 


= ST 
FAT 
Sims Seimei 
pli | 


=~ 
oO 


STARTING T, = +150°C Se H 
eh“ SRR h, ee 


ifR =0 Bn. : ill 
tay = iia 3*RATED BVpss - Von) TIS th 
Its * 
tay = (UR)InU(as 


0.01 0.1 1 10 100 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) tay, TIME IN AVALANCHE (ms) 


C, CAPACITANCE (pF) 
lag» AVALANCHE CURRENT (A) 


FIGURE 13. TYPICAL CAPACITANCE vs VOLTAGE FIGURE 14. UNCLAMPED INDUCTIVE SWITCHING. REFERTO 
HARRIS APPLICATION NOTES AN9321 AND 
AN9322 


POWER DISSIPATION MULTIPLIER 


0 25 50 75 100 125 150 175 
Tc, CASE TEMPERATURE (°C) 


LOGIC LEVEL 
POWER MOSFETs 


FIGURE 15. NORMALIZED POWER DISSIPATION vs TEMPERATURE DERATING CURVE 
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RFG40N10LE, RFP40N10LE, RF1S40N10LE, RF1S40N10LESM 


Test Circuits and Waveforms 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


FIGURE 16. UNCLAMPED ENERGY TEST CIRCUIT 


Vop 


Ri 


Vps 


DUT 


FIGURE 18. RESISTIVE SWITCHING TEST CIRCUIT 
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BVpss 


+| tav 


torr 


to(orF) 
90% 


10% 


90% 


Ves 50% 


PULSE WIDTH 


10% 


FIGURE 19. RESISTIVE SWITCHING WAVEFORMS 


RFG40N10LE, RFP40N10LE, RF1S40N10LE, RF1S40N10LESM 


Temperature Compensated PSPICE Model for the RFG40N10LE, RFP40N10LE, 
RF1S40N10LE, RF1S40N10LESM 


SUBCKT 40N10LE 213; rev 8/15/95 


CA 12 8 11.0e-9 
CB 15 14 10.4e-9 


CIN 6 82.62e-9 

LDRAIN 
DBODY 7 5 DBODYMOD DPLCAP 5 DRAIN 
DBREAK 5 11 DBREAKMOD 10 Ta fn 2 


DESD1 919 DESD1MOD 
DESD2 91 7 DESD2MOD 


RLDRAIN 
DPLCAP 10 5 DPLCAPMOD RSLC2 


EBREAK 11 7 17 18 114.7 DBREAK 


EDS 14858 1 
EGS 13868 1 
ESG 6 106 8 1 
EVTHRES 6 21198 4 F 
EVTEMP 206 18 22 1 DBODY 


IT 8 17 1 


LDRAIN 2 5 1e-9 
LGATE 1 9 7.05e-9 
LSOURCE 3 7 3.796-9 


MMED 16 6 8 8 MMEDMOD 
MSTRO 16 6 8 8 MSTROMOD 
MWEAK 16 21 8 8 MWEAKMOD 


LSOURCE 


Be ee CW 
RBREAK 17 18 RBREAKMOD 1 RLSOURCE 
RDRAIN 50 16 RDRAINMOD 19.13e-3 SiA SOA 

RGATE 9 20 1.19 : 

RLDRAIN2 510 12," 13 
RLGATE 1 9 70.5 8 
RLSOURCE 3 7 37.9 
RSLC1 5 51 RSLCMOD te-6 318 S2B RVTEMP 
RSLC2 5 50 163 13 CB 

RSOURCE 8 7 RSOURCEMOD ie-3 CA 14 (fF) 7 
RVTHRES 22 8 RVTHRESMOD 1 a + 


RVTEMP 18 19 RVTEMPMOD 1 EGS ($) EDS (=) 


S1A 6 12 13 8 SIAMOD : - 

S1B 13 12 13 8 SiBMOD 

S2A 6 15 14 13 S2AMOD RVTHRES 
S$2B 13 15 14 13 S2BMOD 


SOURCE 
03 


VBAT 22 19 DC 1 
ESLC 5150 VALUE = {(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)/(1e-6"1 15),4))} 


MODEL DBODYMOD D (iS = 2.0e-12 RS = 9.60e-3 TRS1 = 1.3e-3 TRS2 =-1.16e-7 CJO = 1.50e-9 TT = 1.05e-7 M = 0.5) 
MODEL DBREAKMOD D (RS = 1.92e-1 TRS1 = 1.60e-3 TRS2 = 3.47e-6) 

MODEL DESD1MOD D (BV = 12.43 TBV1 = 0 TBV2 = 0 RS = 57 TRS1 = 0 TRS2 =0) 

MODEL DESD2MOD D (BV = 12.45 TBV1= -1.5e-5 TBV2 = 1e-7 RS =0 TRS1=0 TRS2 =0) 

MODEL DPLCAPMOD D (CJO = 1.25¢-9 IS = 16-30 N = 10 M = 0.55) 

MODEL MMEDMOD NMOS (VTO = 1.50 KP = 0.40 IS = 16-30 N=10 TOX=1 L=1u W= 1uRG = 1.19) 

MODEL MSTROMOD NMOS (VTO = 1.83 KP = 37.00 IS = 1e-30 N=10 TOX=1 L=1u W=1u) 

MODEL MWEAKMOD NMOS (VTO = 1.335 KP = 0.08 IS = 1e-30 N=10 TOX=1 L=1u W= 1u RG = 11.9 RS = 0.1) 
MODEL RBREAKMOD RES (TC1 = 1.046-3 TC2 = -6.00e-7) 

MODEL RDRAINMOD RES (TC1 =7.33e-3 TC2 = 2.00e-5) 

,MODEL RSLCMOD RES (TC1 = 2.25-3 TC2 = 0) 

.MODEL RSOURCEMOD RES (TC1 =0 TC2 =0) 

MODEL RVTHRESMOD RES (TC1 = -0.8e-3 TC2 = -2.5¢-6) 

MODEL RVTEMPMOD RES (TC1 = -1.98e-3 TC2 = 1.38e-6) 

MODEL S1AMOD VSWITCH (RON = 16-5 ROFF = 0.1 VON =-4.25 VOFF = -1.25) 

MODEL S1BMOD VSWITCH (RON = 16-5 ROFF = 0.1 VON =-1.25 VOFF = -4.25) 

.MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF =0.1 VON =-0.35 VOFF = 1.65) 

MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 1.65 VOFF = -0.35) 


.ENDS 
NOTE: 


1. For further discussion of the PSPICE model, consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options; IEEE Power Electronics Specialist Conference Records, 1991. 
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HARRIS 


RFP45NO03 L, 


ov!" REIS45N03L, RF1S45NO3LSM 


45A, 30V, Avalanche Rated N-Channel Logic Level 


December 1995 


Features © 

e¢ 45A, 30V 

© Fps(on) = 0.0222 

e Temperature Compensating PSPICE Model 


¢ Can be Driven Directly from CMOS, NMOS, and TTL 
Circuits 


¢ Peak Current vs Pulse Width Curve 
e UIS Rating Curve 
¢ +175°C Operating Temperature 


Description 


The RFP45NO3L, RF1S45NO3L, and RF1S45NO3LSM are 
N-Channel power MOSFETs manufactured using the 
MegaFET process. This process, which uses feature sizes 
approaching those of LSI circuits, gives optimum utilization 
of silicon, resulting in outstanding performance. They were 
designed for use in applications such as_ switching 
regulators, switching converters, motor drivers and relay 
drivers. These transistors can be operated directly from inte- 
grated circuits. 


PACKAGE AVAILABILITY 


[PARTNUMBER [ PACKAGE | BRAND 


NOTE: When ordering, use the entire part number; e.g. 
RFP45NO03L. Add the suffix, 9A, to obtain the TO-263AB variant in 
tape and reel, e.g. RF1S45NO3LSM9A. 


Formerly developmental type TA49030. 


Absolute Maximum Ratings T, = +25°C 


Drain-Source Voltage... 2... eee eee n nee 
Drain-Gate Voltage... 6... cee eee een eee 
Gate-Source Vonage e iassia oki sy NG a hes RES OT ONS 


Drain Current 


COMUNUOUS 4 S08 book ben Ov eat GR dv hehe eed tone 
Pulsed Drain Current .......... 0... cece ee ee eee eee eee eas 


Pulsed Avalanche Rating... 0.0.0.0... . cee eee eee eee eee 


Power Dissipation 


To = +25°C Piarienie veh eves aisles Ie by cele: tar aCcee Wi eRe co cat pl. tey Wee ee AVIS Lali o: es fe) wheel ew renia! 


Operating and Storage Temperature ............ 0.0... cee eee 
Soldering Temperature of Leads for 10s ...................... 


CAUTION: These devices are sensitive to electrostatic discharge. Users shouid follow proper ESD Handling Procedures. 
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Enhancement-Mode Power MOSFETs 


Packages 
JEDEC TO-220AB 
SOURCE 
DRAIN 
GATE 
DRAIN 
(FLANGE) 
JEDEC TO-262AA 
SOURCE 
DRAIN 
Zi GATE 
DRAIN 
(FLANGE) 
JEDEC TO-263AB 
ro 
DRAIN 
™— (FLANGE) 
GATE 
SOURCE 
Symbol 
D 
G 
S 
RFP45NO3L, RF1S45NO03L, 
RF1S45N03LSM UNITS 
sah ae ata Voss 30 V 
aude eee ts VparR 30 V 
Lamas aes Ves +10 V 
Sie lt tates Ip 45 A 
ete er lom Refer to Peak Current Curve 
re ee Eas Refer to UIS Curve 
ieee areata iwa Pp 90 Ww 
isauiue Seiten 0.606 w/°C 
ana eters Tstq Ty -55 to +175 °C 
see none aes TL 260 °C 


File Number 4005.1 


Specifications RFP45N03L, RF1S45N03L, RF1S45NO3LSM 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


[Paranerens[srmson [vesveovomons [am [rer [wor [ors 
Sc 
Gate Threshold Voltage VesctH) | Vas= Vps: !p = 250nA 1 


TDS(ON) Ip = 45A, Veg = 5V 


Zero Gate Voltage Drain Current 


= 


sfs}s] sf a] ale] =| e] ele] e]e/s[s]s]< 


> 


Gate-Source Leakage Current 


On Resistance 


Turn-On Time 


o” 
z 


Voo = 15V, Ip = 45A, 
Rr, = 0.339, Veg = 5V, 
Res = 52 


~— 
on 


Turn-On Delay Time tp(on) 


Rise Time 


Turn-Off Delay Time to(OFF) 


Fall Time 


Turn-Off Time 


a” 


FF 


Total Gate Charge 


3 


Qecron Ves = OV to 10V Vop = 24V, 
Ip = 45A, 
Qes) | Ves=0Vto5V | R, = 0.5330 
Ves =0Vto 1V 


Vps = 25V, Ves = OV, 
f= 1MHz 


3 
1?) 


Gate Charge at 5V 


eed 
ro) 
| 

OQ 


Threshold Gate Charge QectH) 


1650 


aS) 
7 


Input Capacitance Ciss 


575 


no] 
7h 


Output Capacitance Coss 


Reverse Transfer Capacitance Crss 


Thermal Resistance Junction-to-Case °C/W 


Thermal Resistance Junction-to-Ambient 


o 


BY 
& 
re) 


Source-Drain Diode Specifications 


PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Reverse Recovery Time pte | Isp = 45A, digp/dt = 100A/us pos fe | 128 [ns | 
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RFP45NO03L, RF1S45N03L, RF1S45NO3LSM 


Typical Performance Curves 


aaa) 
ares 
ice Te 
< is aw aa aii 
E = NOG 
rf a a 
c on = Ww 
2 ~ € 
(3) r oO -d 0.1 
: z= - 
z _ 
< = St 
x — @ Wi 
Q — N =x 
3 a] - 
AREA MAY BE PEAK T, = Poy X Zac + T 
LIMITED BY DS(ON) 0.01 J DM QJC Cc 
10°5 1074 10° 107 10°! 10° 101 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) t, RECTANGULAR PULSE DURATION (s) 
FIGURE 1. SAFE OPERATING AREA CURVE FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 
50 Te = +25°C 
500 
< SETllves = ov TTT FOR TEMPERATURES 
—~ 40 z ABOVE +25°C DERATE PEAK 
< = CURRENT AS FOLLOWS: 
: : 
rd 30 a. 
cf © 100 Vilii atti “am 
rs) - ook ieee Sea oo TT ee TT 
z wai se... imam con ie Heth || a as Ht 
z wi Rit oh 
= 20 Fs CEH HH Fe 
cf 
a 3 | TRANSCONDUCTANCE I] THM 
= 4 
1 
0 & — |_INTHIs REGION ICCC 
| 10 
25 50 75 100 125 150 175 105 1074 1073 1072 1071 ot 
Tc, CASE TEMPERATURE (°C) t, PULSE WIDTH (s) 
FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs FIGURE 4. PEAK CURRENT CAPABILITY 
TEMPERATURE 
PULSE DURATION = 250us, Tc = +25°C Vpp = 15V 
100 = 100 y 
: a / F ea 
z [ 
< 75 © 75 
2 ra} y +25°C 
oc = 
& < 
® 50 & 50 
z Wl 
e = 
rs ras 
6 3 2 25 
) Al TEST 
2 PULSE DURATION = 250s 
5 DUTY CYCLE = 0.5% MAX 


0 
0 1.0 2.0 3.0 4.0 5.0 "9 1.5 3.0 4.5 6.0 7.5 
Vpg, DRAIN-TO-SOURCE VOLTAGE (V) Vas, GATE-TO-SOURCE VOLTAGE (V) 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFP45NO03L, RF1S45N03L, RF1S45NO3LSM 


Typical Performance Curves (continued) 


Ves = Vps; Ip = 250A 


rs} 2.0 
iva 
5 5 
ke 
OG oo 15 
O < < 
25 a8 
<o No 
c> al > 
a Za 
as = 4 1.0 
N& of 
end wy aun 
4 < an. Ld 
zw EZ os 
=" or 
% 
Q 
> 0.0 
-80 -40 0 40 80 120 160 200 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 7. NORMALIZED DRAIN-SOURCE BREAKDOWN FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
VOLTAGE vs JUNCTION TEMPERATURE JUNCTION TEMPERATURE 
PULSE DURATION = 250us, Vgg = 5V, Ip = 45A PULSE DURATION = 250s 


100 


75 


50 


'ps(ony ON-STATE RESISTANCE (m0) 


'ps(on) NORMALIZED ON RESISTANCE 


“ 
25 wi fi 
LU 
- —) 
uo 
0 | 5 = 
80  -40 0 40 80 120 160 200 2.5 3.0 | 3.5 4.0 45 5.0 = or 
Tj, JUNCTION TEMPERATURE (°C) Vas, GATE-TO-SOURCE VOLTAGE (V) & S 
ha 
FIGURE 9. NORMALIZED rpsjon VS JUNCTION FIGURE 10. TYPICAL rpsjon) FOR VARYING CONDITIONS OF 4 
TEMPERATURE GATE VOLTAGE AND DRAIN CURRENT 


Vpp = 15V, Ip = 45A, R, = 0.3330 


0.75 BVpss 


0.50 BVpss 
0.25 BVpss 


Ry = 0.672 
IG(REF) = 0.6mA 
Ves = 5V 


SWITCHING TIME (ns) 
Vgs, GATE-SOURCE VOLTAGE (V) 


Vps, DRAIN-SOURCE VOLTAGE (V) 


1 
0 10 20 30 40 50 29,9(REF) t, TIME (us) 80 G(REF) 


Rgs, GATE-TO-SOURCE RESISTANCE () 'G (ACT) G(ACT) 
FIGURE 11. TYPICAL SWITCHING TIME AS A FUNCTION OF FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 


GATE RESISTANCE CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 
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RFP45N03L, RF1S45NO03L, RF1S45NO3LSM 
Typical Performance Curves (continued) 


Vgs = OV, f = MHz 200 


100 a 


EE OE Eh ce mmauas 15 es WAM Shit) ee. ah 01) eee ee H 
Smee Gt S02 ot 
BRE. a 

iffR=0 


ER ONRTTTTHT 
tav = (L)(lagV(1.3"RATED BVpgg - Vpp) SHENSON 
IfR #0 


tay = (L/R)IN[(Iag*RV/(1.3*RATED BVpsg-Vpp) +1] 


, ; Ht 

CT PUTIN il 
oe’ MMI 
STARTING Ty = +150°C Pr >< 

a eat, == RO 


Gee SR Bees ann Wan ene moe + 4+ “we a, 0 


= 
i=) 


C, CAPACITANCE (pF) 
Ins, AVALANCHE CURRENT (A) 


0 5 10. 15 20 25 0.001 0.01 0.1 1 10 100 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) tay, TIME IN AVALANCHE (ms) 
FIGURE 13. TYPICAL CAPACITANCE vs VOLTAGE FIGURE 14. UNCLAMPED INDUCTIVE SWITCHING. REFER TO 
HARRIS APPLICATION NOTES AN9321 AND 
AN9322 


POWER DISSIPATION MULTIPLIER 


0 25 50 75 100 125 150 175 
Tc, CASE TEMPERATURE (°C) 


FIGURE 15. NORMALIZED POWER DISSIPATION vs TEMPERATURE DERATING CURVE 
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RFP45NO03L, RF1S45N03L, RF1S45NO3LSM 


Test Circuits and Waveforms 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


Ves 


OV 


FIGURE 16. UNCLAMPED ENERGY TEST CIRCUIT 


Vop 


R. 


Vos 


DUT 


FIGURE 18. RESISTIVE SWITCHING TEST CIRCUIT 
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BVpss 


FIGURE 17. UNCLAMPED ENERGY WAVEFORMS 


ton torr 
tocon) to(orF) 
Vv 
90% 
10% 
90% 
Ves 50% 
PULSE WIDTH 
10% 


FIGURE 19. RESISTIVE SWITCHING WAVEFORMS 
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RFP45NO3L, RF1S45NO3L, RF1S45NO3LSM 


Temperature Compensated PSPICE Model for the RFP45N03L, RF1S45N03L, RF1 S45NO3LSM 
SUBCKT RFP45NO3L 213; rev 11/22/94 


CA 12 8 2.55e-9 
CB 15 14 2.64e-9 
CIN 6 8 1.45e-9 
DBODY 7 5 DBDMOD 10 > 2 
DBREAK 5 11 DBKMOD LDRAIN 
DPLCAP 10 5 DPLCAPMOD RSCL2 RSCL1 

+51 DBREAK 


7 17 18 33.3 19 
ESCL 


1 

50 
ESa 2) EBREAK 1+ 
8 


RDRAIN (iz) DBODY 
1 + 
16 . 


GATE 9 24+74n- | 6 
LDRAIN 2 5 16-9 1¢ re 
LGATE 1 9 4.9e-9 LGATE RGATE 
LSOURCE 3 7 4.9e-9 RIN CIN 
RSOURCE LSOURCE 
MOS1 16 6 8 8 MOSMOD M=0.99 | 8 7 > 3 
MOS2 16 21 8 8 MOSMOD M=0.01 SOURCE 


RBREAK 17 18 RBKMOD 1 
RDRAIN 50 16 RDSMOD 0.14e-3 2) 13 
RGATE 9 20 0.89 8 
RSCL1 5 51 RSCLMOD 1e-6 13 an 
RSCL2 5 50 163 | we : 414 = 
RSOURCE 8 7 RDSMOD 10.31e-3 gas nd —= VBAT 
RVTO 18 19 RVTOMOD 1. (=) (=) + 


RBREAK 
- 17 


S1A 6 12 13 8 S1AMOD 

$1B 13 12 13 8 S1BMOD 
S2A 6 15 14 13 S2AMOD 
S2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 0.583 


ESCL 5150 VALUE = {(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)"1e6/176,6))} 


MODEL DBDMOD D (IS = 3.61e-13 RS = 5.06e-3 TRS1 = 3.05e-3 TRS2 = 7.57e-6 CJO =2.16e-9 TT = 2.18e-8) 
.MODEL DBKMOD D (RS = 1.66e-1 TRS1 = -2.97e-3 TRS2 = 7.57e-6) 

MODEL DPLCAPMOD D (CUO = 0.96e-9 IS = 1e-30 N = 10) 

.MODEL MOSMOD NMOS (VTO = 2.313 KP = 53.82 IS = 1e-30 N=10 TOX=1 L=1u W=1u) 
MODEL RBKMOD RES (TC1 = 8.95e-4 TC2 = -1e-7) 

MODEL RDSMOD RES (TC1 = 3.82e-3 TC2 = 1.17e-5) 

MODEL RSCLMOD RES (TC1 = 2.03e-3 TC2 = 0.45e-5) 

MODEL RVTOMOD RES (TC1 = -2.27e-3 TC2 = -5.75e-7) 

.MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-4.82 VOFF= -2.82) 

MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -2.82 VOFF= -4.82) 

.MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -2.67 VOFF= 2.33) 

MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 2.33 VOFF= -2.67) 


.ENDS 


NOTE: For further discussion of the PSPICE model, consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options; written by William J. Hepp and C. Frank Wheatley. 
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POWER MOSFET: 


INTELLIGENT DISCRETES 
PAGE 
INTELLIGENT DISCRETE DATA SHEET : 
RLDOSNO6CLE, 0.3A, 60V, ESD Rated, Current Limited, Voltage Clamped Logic Level N-Channel 
RLDOSNO6CLESM, Enhancement-Mode Power MOSFETS.......... 0: ccc ccc cece ec cer ee cen eneeneeetecteeeeerens 6-3 


RLPOSNO6CLE 


INTELLIGENT 
DISCRETES 


om HARRIS RLDO3SNOG6CLE, 
SEMICONDUCTOR RLDO3NO6CLESM, RLPO3NO6CLE 


0.3A, 60V, ESD Rated, Current Limited, Voltage Clamped 
December 1995 Logic Level N-Channel Enhancement-Mode Power MOSFETs 


Features Packages 


° 0.30A, 60V 
° TpS(ON) = 6.0Q 


DRAIN 
¢ Built in Current Limit |, yp 0-140 to 0.210A at 150°C LFA oete 


JEDEC TO-220AB 
SOURCE 


e Built in Voltage Clamp 


e Temperature Compensating PSPICE Model DRAIN SH 
* 2kV ESD Protected (FLANGE) <> 
¢ Controlled Switching Limits EMI and RFI 


Description JEDEC TO-251AA 


SOURCE 
The RLDOSNO6CLE, RLDOS3NO6CLESM and RLPOSNO6CLE DRA 
are intelligent monolithic power circuits which incorporate a lat- 
eral bipolar transistor, resistors, zener diodes and a power MOS 
transistor. The current limiting of these devices allow it to be used 
safely in circuits where a shorted load condition may be encoun- 
tered. The drain-source voltage clamping offers precision control JEDEC TO-252AA 
of the circuit voltage when switching inductive loads. The “Logic DRAIN 
Level” gate allows this device to be fully biased on with only 5.0V KO ~«— (FLANGE) 
from gate to source, thereby facilitating true on-off power control GATE & ay 

é Load SOURCE 

directly from logic level (5V) integrated circuits. 


The RLDOSNO6CLE, RLDOSNO6CLESM and RLPOSNO6CLE 
incorporate ESD protection and are designed to withstand 2kv | Symbol 
(Human Body Model) of ESD. 


PACKAGING AVAILABILITY 


[PARTNUMBER [PACKAGE [BRAND 


NOTE: When ordering, use the entire part number. Add the suffix 9A 
to obtain the TO-252AA variant in tape and reel, i.e. S 
RLPO3SNO6CLESMQA. 


Wai 


INTELLIGENT 
DISCRETES 


Formerly developmental type TA49026. 


Absolute Maximum Ratings T, = +25°C 
RLDO3NO6CLE, 
RLDO3NO6CLESM, 
RLPO3NO6CLE UNITS 
Dial SOURCE, VONAOS 13202 Saris cere vie ontes dah wet ea teeewa heehee Vpss 60 V 
Drain Gate Voltage iia tacit te edn eG Rude see eee ae nad te tan aeeaoe kana VoGr 60 Vv 


Gate Source Voitage-(Nole) o.:s.6¢¢esa0. 543 be eeds or ted Cheek Vabawes tele eaes Ves +5.5 V 
Reverse Voltage Gate Bias Not Allowed 


Drain Current 
AMS COnUNUOUS } ic chau via ea eos ON She nae Gyo ae haere naa ke Ip Self Limited 
Power Dissipation 


ig 425 Ca shesaseetinees acta awa eaneree a dae aa roma eiamone: Pp 30 Ww 
Dofate above 425°C v5.3.8 Re ewherge BOR Sak ew nd bead elcenlod oes w ene eae Py 0.2 WC 


Electrostatic Discharge Rating MIL-STD-883, Category B(2) ................ ce eae ESD 2 KV 
Operating and Storage Temperature ............. cece eee eee e eee ees Tstq@ Ty -55 to +175 °C 
NOTE: May be exceeded if current is limited to 10mA. 


Copyright © Harris Corporation 1995 File Number 3948.2 
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_ Specifications RLDO3NO6CLE, RLDO3NO6CLESM, RLPO3NO6CLE 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage Ip = 250pA, Ves = OV ES eS eS 


Zero Gate Voltage Drain Current. 


a= 
> 


> 


Gate-Source Leakage Current 


less Ves = 5V Ty = +25°C zee 


T J= +25°C 


> 


Ip = 0.100A, 
Veg = 5V 


12.0 


Limiting Current IDS(LiMIT) 


Turn-On Delay Time 


: 8 
On 


210 


3 
> 


Vpp = 30V, Ip = 0.10A, 
R, = 300Q, Veg = 5V, 
Res = 25Q 


9 
n 


ae] 
ao 


= = 
~” wo 


= 
n 


12.5 


‘— 
n 


~ 
b 
© 


100 


ne] 
wn 


Input Capacitance Vos = 25V, Ves = OV, 
f = 1MHz 
Output Capacitance 
Reverse Transfer Capacitance Crass 
Thermal Resistance Junction to Ambient Resa TO-220 Package om ice Es 
Toasrauroaersaane | - | — [im [ow 


Source-Drain Diode Ratings and Specifications 


PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Reverse Recovery Time Isp = 0.1A, digp/dt = 100A/us ee afte ite | 


no] 
7 
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RLDOSNO6CLE, RLDO3NO6CLESM, RLPO3NO6CLE 


Typical Performance Curves 


eee ae AREA IS LIMITED BY 


JUNCTION TEMPERATURE 


Ip, DRAIN CURRENT (A) 


OPERATION IN THIS 
AREA MAY BE 
LIMITED BY TDS(ON) 


1 10 100 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) 
FIGURE 1. SAFE OPERATING AREA CURVE 
2.0 
- 
= 
Liu 
= 1.5 
O 
= 
< 
G 
a 1.0 
Lu 
N 
wd 
= 
ac 0.5 
Oo 
2 
6 
0 
-80 -40 0 40 80 120 160 200 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 3. TYPICAL NORMALIZED DRAIN CURRENT vs JUNC- 
TION TEMPERATURE 


PULSE DURATION = 250us, Tg = +25°C 
0.40 


0.30 


0.20 


Ip, DRAIN CURRENT (A) 


0.10 


2.0 


3.0 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 
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aH 


_ Rt 
= 
2TH la 
0.1 He A 


0. 05s =: Ht 4 
10. 4 ‘ies oeeeseih oe th 
tnt tt 
A MASINGLE PULSE —[_ Notes: 


DUTY FACTOR: D = t,/t, 


TTI reer reo 
0 


01 
10°5 104 10° 10° 1071 10° 
t, RECTANGULAR PULSE DURATION (s) 


FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 


Zosc, NORMALIZED 
THERMAL RESPONSE 


10! 


POWER DISSIPATION MULTIPLIER 


100 125 150 


— 
Tc, CASE TEMPERATURE (°C) a o 
FIGURE 4. NORMALIZED POWER DISSIPATION vs TEMPERA- ~] aT 
TURE DERATING CURVE | ft 
O 
Lu y) 
Vpp = 15V bo 
0.60 0D < 


PULSE TEST 
PULSE DURATION = 250us 
DUTY CYCLE = 0.5% MAX 


Ip(on), ON STATE DRAIN CURRENT (A) 


Vgs, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 


RLDO3NO6CLE, RLDO3NO6CLESM, RLPO3NO6CLE 


Typical Performance Curves (continued) 


ps(ony» NORMALIZED ON RESISTANCE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED rpgiony vs JUNCTION TEMPERA- 
TURE 


nd 
° 


—_ 
oi 


1.0 


0.5 


BVpss, NORMALIZED DRAIN-TO- 
SOURCE BREAKDOWN VOLTAGE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN 
VOLTAGE vs TEMPERATURE 


Ves = OV, FREQUENCY (f) = 1MHz 


C, CAPACITANCE (pF) 


0 5 O45 20 25 
Vs, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 11. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 
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Ves=Vps, Ip = 250uA 
2.0 


1.5 


1.0 


Vescray» NORMALIZED GATE 
THRESHOLD VOLTAGE 


0.5 


-80 -40 0 40 80 120 160 200 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE 


Tce= +25°C 
1 coon 
TEMPERATURES LISTED ARE STARTING ti 
JUNCTION TEMPERATURES rT TTT il mBiiill 


owns CLAMPED DRAIN CURRENT (A) 


0.1 


0.001 0.01 


tay, TIME i ele (s) 


FIGURE 10. SELF-CLAMPED INDUCTIVE SWITCHING 


o 
Oo 


5.00 


> 
a 


o 
=) 


2.50 


RL= 
0.75 BVpss IG(REF) = 9.1MA 
0.50 BVpss Ves = 5V 


0.25 BVpss 


_ 
or 


1.25 


Vps, DRAIN SOURCE VOLTAGE (V) 
Vgs, GATE SOURCE VOLTAGE (V) 


g SURED t,TIME (us) go SREP) IG (REF) 


IG (ACT) rer (ACT) 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 


RLDO3NO6CLE, RLDO3NO6CLESM, RLPO3NO6CLE 


Test Circuit and Waveform 


Vop ton ——e to 
toon) to(oFF) 
ta te 
Vv 
sie 90% 
10% 
hte acoA 
90% 
Vv 50% 
GS 
<————— PULSE WIDTH 
10% 
FIGURE 13. RESISTIVE SWITCHING TEST CIRCUIT FIGURE 14. RESISTIVE SWITCHING WAVEFORMS 
Detailed Description 
Temperature Dependence of Current Limiting and Duty Cycle Operation 


Switching Speed Performance 


The RLDOSNO6CLE, RLDO3NO6CLESM and RLPO3NO6CLE 
are a monolithic power device which incorporates a Logic Level 
power MOSFET transistor with a current sensing scheme and 
control circuitry to enable the device to self limit the drain 
source current flow. The current sensing scheme supplies cur- 
rent to a resistor that is connected across the base to emitter of 
a bipolar transistor in the control section. The collector of this 
bipolar transistor is connected to the gate of the power MOS- 
FET transistor. When the ratiometric current from the current 
sensing reaches the value required to forward bias the base 
emitter junction of this bipolar transistor, the bipolar “turns on”. 
A resistor is incorporated in series with the gate of the power 
MOSFET transistor allowing the bipolar transistor to adjust the 
drive on the gate of the power MOSFET transistor to a voltage 
which then maintains a constant current in the power MOSFET 
transistor. Since both the ratiometric current sensing scheme 
and the base emitter unction voltage of the bipolar transistor 
vary with temperature, the current at which the device limits is a 
function of temperature. This dependence is shown in Figure 3. 


The resistor in series with the gate of the power MOSFET 
transistor also results in much slower switching performance 
than in standard power MOSFET transistors. This is an 
advantage where fast switching can cause EMI or RFI. The 
switching speed is very predictable. 


DC Operation 


The limit on the drain to source voltage for operation in cur- 
rent limiting on a steady state (DC) basis is shown in the 
equation below. The dissipation in the device is simply the 
applied drain to source voltage multiplied by the limiting cur- 
rent. This device, like most power MOSFET devices today, is 
limited to 175°C. The maximum voltage allowable can, 
therefore, be expressed as shown in Equation 1: 


(150°C-T , wBiENT) 


Ds > 
+R 


(EQ. 1) 


| 
LMe (Rese 


eA) 


The results of this equation are plotted in Figure 15 for vari- 
ous heatsinks. 


In many applications either the drain to source voltage or the 
gate drive is not available 100% of the time. The copper 
header on which the RLDOSNO6CLE, RLDOSNO6CLESM 
and RLPOSNO6CLE is mounted has a very large thermal 
storage capability, so for pulse widths of less then 1ms, the 
temperature of the header can be considered a constant, 
thereby the junction temperature can be calculated simply 
as shown in Equation 2: 

Te= (Yps* ip? 2 Roca) * TAMBIENT (EQ. 2) 
Generally the heat storage capability of the silicon chip in a 
power transistor is ignored for duty cycle calculations. Mak- 
ing this assumption, limiting junction temperature to 175°C 
and using the Tc calculated in Equation 2, the expression for 
maximum Vps under duty cycle operation is shown in Equa- 
tion 3: 


\e) 
150° C-T, 


DR (EQ. 3) 


LM JC 
These values are plotted as Figures 16 through 21 for vari- 


ous heatsink thermal resistances. 
Limited Time Operations 


Protection for a limited period of time is sufficient for many 
applications. As stated above the heat storage in the silicon 
chip can usually be ignored for computations of over 10 ms, 
thereby the thermal equivalent circuit reduces to a simple 
enough circuit to allow easy computation on the limiting con- 
ditions. The variation in limiting current with temperature 
complicates the calculation of junction temperature, but a 
simple straight line approximation of the variation is accurate 
enough to allow meaningful computations. The curves 
shown as Figures 22 through 25 (RLPOSNO6CLE) and Fig- 
ure 26 through 29 (RLDOSNO6CLE and RLDOSNO6CLESM) 
give an accurate indication of how long the specified voltage 
can be applied to the device in the current limiting mode 
without exceeding the maximum specified 175°C junction 
temperature. In practice this tells you how long you have to 
alleviate the condition causing the current limiting to occur. 
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INTELLIGENT 


DISCRETES 


RLDOSNO6CLE, RLDO3NO6CLESM, RLPOSNO6CLE 


Performance Curves 


HEAT SINK THERMAL RESISTANCE = HSTR 


HSTR = 1°C/W 
HSTR 


= 2°C/wW 
Ty = 175°C 

lhim = 0.21 OA 
Roc = 5.0°C/W 


IN 
SY 


>. 


Vps, APPLIED VOLTAGE (V) 


a 


ae temcen 


0 
25 50 75 100 125 
T,, AMBIENT TEMPERATURE (°C) 


FIGURE 15. DC OPERATION IN CURRENT LIMITING 


15 


DUTY CYCLE =DC MAX PULSE WIDTH = 100ms 


eS 
=e 


Ty = 175°C 
loin = 0.21 OA 
Rouc = 5.0°C/w 


_ Vps, DRAIN TO SOURCE VOLTAGE (V) 


100 125 150 


T,, AMBIENT TEMPERATURE (°C) 


FIGURE 17. MAXIMUM Vps vs AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (HSTR = 2°C/W) 


DUTY CYCLE =DC MAX PULSE WIDTH = 100ms 


be N 
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lim = 0.210A 
Royo = 5.0°C/W 


Vps, DRAIN TO SOURCE VOLTAGE (V) 


25 


50 


75 100 125 
T,,, AMBIENT TEMPERATURE (°C) 


FIGURE 19. MAXIMUM Vps vs AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (HSTR = 10°C/W) 
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DUTY CYCLE =DC MAX PULSE WIDTH = 100ms 


Ty = 175°C 
lim = 0.210A 
Reuc = 5.0°C/W 


\ 


Vps, DRAIN TO SOURCE VOLTAGE (V) 


0 
100 125 150 


T,, AMBIENT TEMPERATURE (°C) 


FIGURE 16. MAXIMUM Vps vs AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (HEATSINK THERMAL 
RESISTANCE = 1°C/W) 


DUTY CYCLE=DC MAX PULSE WIDTH = 100ms 


lim = 0.21 OA 
Roc = 5.0°C/W 


Vps , DRAIN TO SOURCE VOLTAGE (V) 


100 125 150 
T,, AMBIENT TEMPERATURE (°C) 


FIGURE 18. MAXIMUM Vps vs AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (HSTR = 5°C/W) 


DUTY CYCLE =DC MAX PULSE WIDTH = 100ms 


DC = 50% 


| 
Ty = 175°C 
lim = 0.210A 


Vps, DRAIN TO SOURCE VOLTAGE (V) 


25 50 75 


T,, AMBIENT TEMPERATURE (°C) 


FIGURE 20. MAXIMUM Vps vs AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (HSTR = 25°C/W) 


RLDO3NO6CLE, RLDO3NO6CLESM, RLPO3NO6CLE 


Performance Curves (continued) 


$6 DUTY CYCLE =DC MAX PULSE WIDTH = 100ms 


75 


Ty= 175°C 
Ihin = 0.210A 
Rec = 5.0°C/W 


60 


Vps , DRAIN TO SOURCE VOLTAGE (V) 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 21. MAXIMUM Vps vs AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (HSTR = 80°C/W) 


STARTING T, = 75°C 

STARTING T, = 100°C 
STARTING T, = 125°C 
STARTING T, = 150°C 


TIME TO 175°C (s) 


Vps, DRAIN TO SOURCE VOLTAGE (V) 
FIGURE 23. TIME TO 175°C IN CURRENT LIMITING 


(HEATSINK THERMAL RESISTANCE = 10°C/W) 
(HEATSINK THERMAL CAPACITANCE = 1.0J/°C) 
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o 6 
to \ \ 
boned 
a | —_ 
Ww = ° 
= \ STARTING Ty = 125°C 
° Ss 

2 Re | 

STARTING T, = 150°C 
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FIGURE 25. TIME TO 175°C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = 2°C/W) 


(HEATSINK THERMAL CAPACITANCE = 4J/°C) 


90 
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STARTING T, = 75°C 

STARTING T, = 100°C 
STARTING T, = 125°C 
STARTING T, = 150°C 


TIME TO 175°C (s) 


Vps; DRAIN TO SOURCE VOLTAGE (V) 
FIGURE 22. TIME TO 175°C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = 25°C/W) 
(HEATSINK THERMAL CAPACITANCE = 0.5J/°C) 


, STARTING T, = 100°C 
\ 
| 
STARTING T, = 150°C ia 


~~ 
Ty = 125°C 
30 50 70 90 


Vps , DRAIN TO SOURCE VOLTAGE (V) 
FIGURE 24. TIME TO 175°C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = 5°C/W) 
(HEATSINK THERMAL CAPACITANCE = 2.0U/°C) 


\ STARTING T, = 75°C 


TIME TO 175°C (s) 


0 
10 


INTELLIGENT 
DISCRETES 


STARTING T, = 75°C 
==. STARTING T, = 100°C 

STARTING T, = 125°C 

STARTING T, = 150°C 


TIME TO 175°C (s) 


NN 


Vps, DRAIN TO SOURCE VOLTAGE (V) 
FIGURE 26. TIME TO 175°C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = 25°C/W) 
(HEATSINK THERMAL CAPACITANCE = 0.5J/°C) 
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RLDO3NO6CLE, RLDO3NO6CLESM, RLPO3NO6CLE 


1 y\ STARTING Ty = 75°C 


Performance Curves (continued) 


STARTING Ty = 75°C 
STARTING T, = 100°C 


e Oo 
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Vps DRAIN TO SOURCE VOLTAGE (V) Vps , DRAIN TO SOURCE VOLTAGE (V) 
FIGURE 27. TIME TO 175°C IN CURRENT LIMITING FIGURE 28. TIME TO 175°C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = 10°C/W) (HEATSINK THERMAL RESISTANCE = 5°C/W) 
(HEATSINK THERMAL CAPACITANCE = 1.0J/°C) (HEATSINK THERMAL CAPACITANCE = 2.0J/°C) 
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FIGURE 29. TIME TO 175°C IN CURRENT LIMITING (HEATSINK THERMAL RESISTANCE = 2°C/W) 
(HEATSINK THERMAL CAPACITANCE = 4J/°C) 


TIME TO 175°C (s) 
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RLDO3SNO6CLE, RLDO3NO6CLESM, RLPO3NO6CLE 


Temperature Compensated PSPICE Model for the RLDO3NO6CLE, RLDO3NO6CLESM, 
RLPO3NO6CLE 


SUBCKT RLDO3NO6CLE 213; rev 4/18/94 5 
CA 12 8 1 0.547e-9 

CB 15 14 0.547e-9 LDRAIN 2 
CIN 6 8 0 0.301e-9 


DBODY 7 5 DBDMOD DBREAK ‘5 DPLCAP 
DBREAK 5 11 DBKMOD 
DESD1 91 9 DESD1MOD 1 
DESD2 91 7 DESD2MOD 
LCAP 10 5 DPLCAPMOD 
DP EBREAK 2) (=) RDRAIN DBODY 


EBREAK 11 20 17 18 66.5 is : 
EDS 148581 shite 
EGS 138681 GATE pps 

ESG6 10681 sella 


EVTO 2061881 ‘ “ LGATE MOS1 
IT 8171 DESD1 | 

LDRAIN 25 1e-9 Peave 8 RspURCE: Pence Requaces LSOURCE | 
LGATE 1 9 2.96e-9 : 


SOURCE 
LSOURCE 3 7 2.96e-9 


MOS1 16 6 8 8 MOSMOD M = 0.99 ‘ae oe 77} 45 RBREAK 
MOS2 16 21 8 8 MOSMOD M = 0.01 v 17 


QCONTROL 20 70 7 QMOD 1 S1B ¥ y S2B RVTO 


RDRAIN 5 16 RDSMOD 1.123 + +[ 14 ef 
RGATE 9 20 3200 EGS (=) EDS (3) a> VEAL 
RIN 6 8 1e9 \ ‘ + 
RSOURCE1 8 70 RDSMOD 1.12 

RSOURCE2 70 7 RSMOD 2.16 

RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 
$1B 13 12 13 8 SiBMOD 
S2A 6 15 14 13 S2ZAMOD 
S$2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 0.22 


MODEL DBDMOD D (IS = 7.97e-17 RS = 1.82 TRS1 = 3.91e-3 TRS2 = 1.24e-5 CJO = 3.00e-10 TT = 1.83¢-7) 
MODEL DBKMOD D (RS = 3150 TRS1 =0 TRS2 = 0) 

MODEL DESD1MOD D (BV = 13.54 TBV1 = 0 TBV2 = 0 RS = 45.5 TRS1 = 0 TRS2 = 0) 

MODEL DESD2MOD D (BV = 11.46 TBV1 = -7.576e-4 TBV2 = -3.0e-6 RS = 0 TRS1 = 0 TRS2 = 0) 
MODEL DPLCAPMOD D (CUO = 74.2e-12 IS = 1e-30 N = 10) 

MODEL MOSMOD NMOS (VTO = 1.67 KP = 3.40 IS = 1e-30 N= 10 TOX=1 L=1u W= 1u) 
MODEL QMOD NPN (BF =5) 

MODEL RBKMOD RES (TC1 = 4e-4 TC2 = 1.13e-8) 

MODEL RDSMOD RES (TC1 = 6.80e-3 TC2 = 6.5e-6) 

MODEL RSMOD RES (TC1 = 2.95e-3 TC2 = -1e-6) 

MODEL RVTOMOD RES (TC1 = -2.22e-3 TC2 = -1.95e-6) 

MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-3 VOFF =-1) 

MODEL S1BMOD VSWITCH (RON = te-5 ROFF = 0.1 VON =-1 VOFF =-3) 

MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-2.85 VOFF = 2.15) 

MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 2.15 VOFF = -2.85) 


ENDS 


NOTE: 


1. For further discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options; IEEE Power Electronics Specialist Conference Records 1991. 
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RF1K49092 


RF1K49093 
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SMALL OUTLINE 
PRODUCTS 


HARRIS 


SEMICONDUCTOR 


RF1K49086 


3.5A, 30V, Avalanche Rated, Dual 
N-Channel Enhancement-Mode Power MOSFET 


aD 


December 1995 


Features Packaging 
¢ 3.5A, 30V JEDEC MS-012AA (SOP-8) 
° Tps(on) = 0.0602 BRANDING DASH 


¢ Temperature Compensating PSPICE Model 


Oi 


e Peak Current vs Pulse Width Curve 


e UIS Rating Curve 5 
Description 
The RF1K49086 Dual N-Channel power MOSFET is manu- 2 
factured using an advanced MegaFET process. This pro- 3 
cess, which uses feature sizes approaching those of LSI 5 
integrated circuits, gives optimum utilization of silicon, result- 
ing in outstanding performance. It is designed for use in 
applications such as switching regulators, switching convert- Sym bol 
ers, motor drivers, relay drivers, and low-voltage bus Si spencers . 
switches. This device can be operated directly from inte- 1 D1(8) 
grated circuits. 1 D1(7) 
I i 
PACKAGING AVAILABILITY S111) 
i i 
PART NUMBER | PACKAGE BRAND G12) oj 
! i 
RF1K49086 MS-012AA RF1K49086 ; 0 12(6) 
p25 
NOTE: When ordering, use the entire part number. For ordering in ; I 
tape and reel, add the suffix 96 to the part number, i.e. 1 I 
RF1K4908696. $2(3) ' 
gas) ot . 
Formerly developmental type TA49086. i t 
er ee a a lt 
ra 
af? 
Eo 
Absolute Maximum Ratings T, = +25°C r= = 
RF1K49086 UNITS - fe) 
Drain-Source Volages sos crde peepee eee aie bes SES Caaee gape hees Se ee oe Vpss 30 Vv = a. 
Drain-Gale. Volagews i oc6o aiiet eee ed pee eS ee sae eee Re eos SaaS Vpar 30 V ” 
Gate-Source Volage- 0 ji06 vere Ps ah ta tact tam deka tes eee eee Saw ee atets Ves +20 V 
Drain Current 
Continuous: (Pulse Widit= 5S) :cniass ew ea Meee: Cee ied Meee ee Ska ery Ip 3.5 A 
PUISOO sj aiewisialc a2 A ccane arnera at do Rad w Gee The a aioe nd avs Bele eae oe ene wt urs aed low Refer to Peak Current Curve 
Pulsed -Avalancne Rang. is i wia soot ee ti GA we Ae Pees Meee ate Wea ee Eas Refer to UIS Curve 
Power Dissipation 
Tp = +25°C oes hn we Ge Me, SW iat ihe: lara ey. fost 6 ot wise! seve 8) ges OR” ©: Se worse ether AY oa ca LAP ot Gah orca, eee Le eo : Sane Pp 2 W 
Derate above 425°C. 22 sc sedeame nd akeass ey Sateen pede ake ns haseg dds aks 0.016 w/c 
Operating and Storage Temperature ... 0... cece eee ee een eee Tstq@, Ty -55 to +150 °C 
Soldering Temperature of Leads for 10S 2.0.0... cee eee eee eens TL 260 °C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
Copyright © Harris Corporation 1995 
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File Number 3986.2 


Specifications RF1K49086 


Electrical Specifications © T, = +25°C, Unless Otherwise Specified 


rans [noc] —_reremnorens [om [We [oat [re 
aaron | Oem [raat pe |p 
Gate Threshold Voltage Vas = Vos) Ip = 250nA V 


Zero Gate Voltage Drain Current 


Gate-Source Leakage Current 


On Resistance - 0.060 


'DS(ON) Ip = 3.5A Ves = 10V 


Veg = 4.5V 


Vop = 15V, Ip = 3.5A, 
R, = 4.299, Veg = 10V, 


Turn-On Delay Time Res = 25 


Turn-On Time 
Rise Time pt 
Turn-Off Delay Time 
FallTime Ss 
Turn-Off Time | 


1 
Gate Charge at 10V Veg = OV to 10V | R, = 6.860 17 
Threshold Gate Charge QactH) Ves = OV to 2V 
Input Capacitance Vos = 25V, Ves = OV, 


f = 1MHz 
Output Capacitance 


Reverse Transfer Capacitance Crss 


Roya Pulse Width = 1s 
Device mounted on FR-4 material 


Source-Drain Diode Ratings and Specifications 


SYMBOL TEST CONDITIONS | MIN 
Vsp | tgp = 3.5A Ze 
Isp = 3.5A, digp/dt = 100A/us =. 


A 
A 
A 
C 
Cc 
Cc 


Total Gate Charge Ves = OV to 20V | Vpp = 24V, 
Ip = 3.5A, 


Tn 


um 
Mm 
n 
n 
n 
n 
p 
p 
p 


is 


Thermal Resistance Junction-to-Ambient °C/W 


PARAMETERS 


[oe [or 


Forward Voltage 


EE 


Reverse Recovery Time 
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Typical Performance Curves 


100 


OO 0t) CUED GR OO 8) GR OD 
Se 
a 


DUTY CYCLE # i 


cisco oo | 
Hil ET] a | 


nC 
eT mmr TTT 


z {U8 
S 10 ag 
a NS 
a =p ; 
£ St . Hob ee ational 
z 22 attiiin 
= s he 
: 35 ss” im IM 
: N= et = 
© 0.1 | OPERATION IN THIS - 
AREA MAY BE oriieaat at 
LIMITED BY rpsion) |] DUTY FACTOR: D =ty/to 
a Ti PEAK Ty = Pow X Zoya + Ta 
0.1 103 10°72 1071 10° 10! 10? 10? 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) t, RECTANGULAR PULSE DURATION (s) 
FIGURE 1. SAFE OPERATING AREA CURVE FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 
Ta = +25°C 


FOR TEMPERATURES 
||| ABOVE +25°C DERATE PEAK| 


TRANSCONDUCTANCE i Sl See St 
IN THIS REGION et 


CO on i 


mi a 


Ip, DRAIN CURRENT (A) 


low PEAK CURRENT CAPABILITY (A) 


1 


25 50 75 100 125 150 10° 04 10° 10°2 101 10! 
Ta, AMBIENT TEMPERATURE (°C) t, PULSE WIDTH ts) 
FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs FIGURE 4. PEAK CURRENT CAPABILITY 

TEMPERATURE Ww 
= i?) 
i 
Fo 
PULSE DURATION = 250us, Ta = +25°C 5 = 
PULSE TEST = O 
PULSE DURATION = 250us +25°C z va 
DUTY CYCLE = 0.5% MAX = o.. 

” 


Ip, DRAIN CURRENT (A) 
Ip(on)» ON-STATE DRAIN CURRENT (A) 


0.0 1.5 3.0 4.5 6.0 7.5 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) Vas, GATE-TO-SOURCE VOLTAGE (V) 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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Typical Performance Curves (Continued) 


Ip = 250pA 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 


80 120 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED DRAIN-SOURCE BREAKDOWN 
VOLTAGE vs JUNCTION TEMPERATURE 


PULSE DURATION = 25018, Veg = 10V, Ip = 3.5A 


_ tpscony NORMALIZED ON RESISTANCE 


40 80 120 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED rpgion) VS JUNCTION TEMPERATURE 


S = 
< 
5 5 
> 2 
rs} 3} 
aq ec 
3 > 
D PLATEAU VOLTAGES IN 3 
z DESCENDING ORDER: Mt 
Pre Vop = BYpss a 
a Vpp = 0.75 BVpss A 
8 Vop = 0.50 BVpss 8 
-~ Vop = 0.25 BVpss > 
\ i 
20 SREP) t, TIME (us) go SREP) 
G(ACT) G (ACT) 


FIGURE 11. NORMALIZED SWITCHING WAVEFORMS FOR 


CONSTANT GATE CURRENT. REFER TO HARRIS 


APPLICATION NOTES AN7254 AND AN7260 
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Ves = Vos; Ip = 250A 


Vescrn): NORMALIZED GATE 
THRESHOLD VOLTAGE 


-40 0 40 80 
Ty, JUNCTION TEMPERATURE (°C) 


120 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
JUNCTION TEMPERATURE 


PULSE DURATION = 250u8, Vpp = 15V 


rps(ony ON-STATE RESISTANCE (mq) 


0 
3.0 4.0 5.0 6.0 7.0 8.0 9.0 


Vgs, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 10. rpsjon) FOR VARYING CONDITIONS OF GATE 


VOLTAGE AND DRAIN CURRENT 


Vgs = OV, FREQUENCY (f) = 1MHz 
1000 


~ 
a 
© 


C, CAPACITANCE (pF) 


0 § 


10 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) | 


15 20 


FIGURE 12. TYPICAL CAPACITANCE vs VOLTAGE 
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Typical Performance Curves (continued) 


|| SNUISTARTING T, = +25°C| 


he Th 


SHH hs N 


10 
tay, fie IN AVALANCHE (ms) 


las, AVALANCHE CURRENT (A) 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING. REFER TO 


100 


POWER DISSIPATION MULTIPLIER 


50 75 100 
T,, AMBIENT TEMPERATURE (°C) 


FIGURE 14. NORMALIZED POWER DISSIPATION vs TEMPERA- 


HARRIS APPLICATION NOTES AN9321 AND TURE DERATING CURVE 
AN9322 
Test Circuits and Waveforms 
Vv 
> BVpss 


VARY tp TO OBTAIN 
REQUIRED PEAK Is 


Ves 


OV 


FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT 


Vop 


Vos 


DUT 


FIGURE 17. RESISTIVE SWITCHING TEST CIRCUIT 


uu 
= 
FIGURE 16. UNCLAMPED ENERGY WAVEFORMS “i ” 
Fo 
25 
O04 
«lO 
ton torr = cr 
tp(on) D(OFF) = 
Vos 90% 
10% 
90% 
Ves 50% 


PULSE WIDTH 


FIGURE 18. RESISTIVE SWITCHING WAVEFORMS 
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Temperature Compensated PSPICE Model for the RF1K49086 


SUBCKT RF1K49086 213; rev 12/15/94 
DPLCAP 


CA 12 8 1.750-9 5 | _, DRAIN 
CB 15 14 1.80e-9 . 10 - LDRAIN 
CIN 6 8 1.206-9 


DBODY 7 5 DBDMOD DBREAK 
DBREAK 511 DBKMOD RDRAIN 
DPLCAP 10 5 DPLCAPMOD 


DBODY 


17 18 33.29 "1 
EDS 14 so \s | 
=e 16 EBREAK(42) 


| | MOS2 
1 GATE EVTO 21 


9 20+/48 6 
1¢ (48) MOS1 
cag ad LGATE RGATE \& 


RIN CIN 
LDRAIN 2 5 1te-9 8 RSOURCE 
LGATE 1 9 1.233e-9 D 3 
LSOURCE 3 7 0.452e-9 SOURCE 


LSOURCE 


SIA ¢ 9 S2A 
MOS1 16 6 8 8 MOSMOD M=0.99 
MOS2 16 21 8 8 MOSMOD M=0.01 12 14 RBREAK 
RBREAK 17 18 RBKMOD 1 S1B | } S2B avid 
RDRAIN 5 16 RDSMOD 1e-4 13 
RGATE 9 20 1.83 : T14 : 
RIN 6 8 1€9 a aae 
RSOURCE 8 7 RDSMOD 13.5e-3 Pane nue 
RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 

$1B 13 12 13 8 S1BMOD 
S2A 6 15 14 13 S2AMOD 
$2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 216 0.1 


.MODEL DBDMOD D (|S = 2.50¢e-13 RS = 1.35e-2 TRS1 = 4.31e-5 TRS2 =2.15e-5 CJO = 9.33e-10 TT = 2.08e-8) 
MODEL DBKMOD D (RS = 1.14 TRS1 = 2.23e-3 TRS2 = -8.91e-6) 

MODEL DPLCAPMOD D (CJO = 7.99e-10 IS = 1e-30 N = 10) 

,MODEL MOSMOD NMOS (VTO = 2.15 KP = 6.25 IS = 1e-30 N=10 TOX=1 L=1u W= 1u) 
MODEL RBKMOD RES (TC1 = 7.74e-4 TC2 = 1.13e-6) 

MODEL RDSMOD RES (TC1 = 4.5e-3 TC2 = -7.45¢e-7) 

MODEL RVTOMOD RES (TC1 = -4.16e-3 TC2 = 2.16e-6) 

MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -7.15 VOFF= -5.15) 

MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-5.15 VOFF= -7.15) 

MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-2.6 VOFF= 2.4) 

MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 2.4 VOFF= -2.6) 


.ENDS 


NOTE: 


1. For further discussion of the PSPICE model, consult A New PSPICE Sub-Circuit for the Power MOSFET Featuring Global 
Temperature Options; IEEE Power Electronics Specialist Conference Records, 1991. 
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Soldering Precautions 


The soldering process creates a considerable thermal stress 
on any semiconductor component. The melting temperature 
of solder is higher than the maximum rated temperature of 
the device. The amount of time the device is heated to a 
high temperature should be minimized to assure device reli- 
ability. Therefore, the following precautions should always 
be observed in order to minimize the thermal stress to which 
the devices are subjected. 


1. Always preheat the device. 


2. The delta temperature between the preheat and soldering 
should always be less than 100°C. Failure to preheat the 
device can result in excessive thermal stress which can 
damage the device. 


3. The maximum temperature gradient should be less than 
5°C per second when changing from preheating to sol- 
dering. 


4. The peak temperature in the soldering process should be 


at least 30°C higher than the melting point of the solder 
chosen. 


. The maximum soldering temperature and time must not 


exceed 260°C for 10 seconds on the leads and case of 
the device. 


. After soldering is complete, the device should be allowed 


to cool naturally for at least three minutes, as forced cool- 
ing will increase the temperature gradient and may result 
in latent failure due to mechanical stress. 


. During cooling, mechanical stress or shock should be 


avoided. 


SMALL OUTLINE 


PRODUCTS 


HaRRIS = RF1K49088 


3.5A, 30V, Avalanche Rated, Logic Level, Dual N-Channel 


December 1995 Enhancement-Mode Power MOSFET 
Features Packaging 
e 3.5A, 30V JEDEC MS-012AA (SOP-8) 
er = 0.0602 
ps(on) = 0.060 BRANDING DASH 
e Temperature Compensating PSPICE Model 
¢ On-Resistance vs Gate Drive Voltage Curves 
5 
¢ Peak Current vs Pulse Width Curve 
e UIS Rating Curve : 
2 
Description 3 
4 
The RF1K49088 Dual N-Channel power MOSFET is 
manufactured using an advanced MegaFET process. This 
process, which uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, 
resulting in outstanding performance. It is designed for use in Symbol 
applications such as_ switching regulators, switching | tt neens 
D1 (8) 
converters, motor drivers, relay drivers, and low-voltage bus Dt (7) 
switches. This product achieves full-rated conduction at a : 
gate bias in the 3V - 5V range, thereby facilitating true on-off ; 
power control directly from logic level (5V) integrated circuits. S1 (1) o- : 
. G1 (2) : 
PACKAGING AVAILABILITY : ; | 
r-O D2 (6) 
PARTNUMBER | PACKAGE | BRAND Beer 
RF1K49088 MS-012AA RF1K49088 
S2 (3) o- 
NOTE: When ordering, use the entire part number. For ordering in G2 (4) : 
tape and reel, add the suffix 96 to the part number, i.e. ' 
RF1K4908896. edokia eed Oca ; 
Formerly developmental type TA49088. 
Absolute Maximum Ratings T, = +25°C 
RF1K49088 UNITS 
Drain-Source Voltages sci bes pees cheek oe eee Peed Baw cand weno eae Voss 30 V 
Drain-Gate Voltage. sic. wie i Sat atge Sanee eoOU TART ReN CaGaee eee ye Med Vpar 30 V 
Gate-Source Voltage ............... 0.000 er eee ae or ee ee eat Ves +10 V 
Drain Current 
Continuous (Puise Width2.58) ¥ vi.exsscse se vaew eke ee ee ede eee ee ees Sek Ip 3.5 A 
PUISOG 2cene Manet tie ebuane oueente ned e eke eat rete ciete oe cea Rae e ears lpm Refer to Peak Current Curve 
Pulsed Avalanche Ratings sins cress Sega ss Wenn a Oeenwed Dee ea wet wehees Eas Refer to UIS Curve 
Power Dissipation 
Ve OO aia'd 8 ahs oun otits tb alice hn uades iin @ Gadelece tetova Ativan areca websted ward eames Pp 2 Ww 
Derate above 425°C ica cdc Meder ata wine eae ae Kae Ruel waa eee 0.016 WC 
Operating and Storage Temperature 2.0.0... eee eee teen eee Tsta: Ty -55 to +150 °C 
Soldering Temperature of Leads for 10S ......... cee ccc eee ee tenets Th 260 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD handling procedures. File Number 3952.2 
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Specifications RF1K49088 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS | min | Typ | MAX | UNITS 
Drain-Source Breakdown Voltage Ip = 250pA, Veg = OV oe ee 


Gate Threshold Voltage Vesctn) Ves = Vos: Ip = 250HA Vv 


Ta = +25°C 
Ta = +150°C 


> 


Zero Gate Voltage Drain Current 


> 


Gate-Source Leakage Current 


Veg = +10V 


Ip = 3.5A, Veg = 5V 


On Resistance 0.060 


3 3 3 P] = = 


no) 
n 


— 
S 
oO 


Turn-On Time | Vpp = 15V, Ip = 3.5A, 
Rr. = 4.29, Veg = 5V, 


Res = 252 


ey 
z 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time tp(OFF) 


pb 
N 


Fall Time 


~~ 
nN 
ao 


Turn-Off Time torr 


O 


Total Gate Charge 


QecroT) Ves = OV to 10V Vpp = 24V, 
Qas) Vas = OV to 5V 
Qectn) Ves = OV to 1V 


Ciss Vos = 25V, Ves = OV, 
f = 1MHz 


= 
) 


Gate Charge at 5V 


Threshold Gate Charge 


~J 
oa 
oO 


Ro) 
7 


input Capacitance 


th 
~“ 
on 
TS 
wn 


Output Capacitance Coss 


O 


Reverse Transfer Capacitance Crss 


Thermal Resistance Junction-to-Ambient Rosa Pulse width = 1 second 
Device mounted on FR-4 material 


Source-Drain Diode Ratings and Specifications 


PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
aa 8 CL 
Reverse Recovery Time Stee gp = 3.5A, dlgp/dt = 100A/us po | = [50 | ons | 


°C/W 
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SMALL OUTLINE 
PRODUCTS 


RF1K49088 


Typical Performance Curves 


ip, DRAIN CURRENT (A) 


0.01 


Ip, DRAIN CURRENT (A) 


100 


Se ee 
o hw Oo Ow 


10 


5ms 
1 2 .—-s- 10ms 


0.1 


OPERATION IN THIS 
AREA MAY BE 


LIMITED BY rps(on) ~~ Vpsg MAX = 30V 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 1. SAFE OPERATING AREA CURVE 


25 50 75 100 125 
T,, AMBIENT TEMPERATURE (°C) | 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 


Ip, DRAIN CURRENT (A) 


TEMPERATURE 


PULSE DURATION = 250ms, T, = +25°C 


Ves = 10V 
Ves = 5V 
Ves = 4.5V 


0 1.0 2.0 3.0 4.0 
Vps,; DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 


lnm, PEAK CURRENT CAPABILITY (A) 


Ip(on), ON-STATE DRAIN CURRENT (A) 


im DUTY CYCLE 
3 uo om al ‘mat ‘oo 

> an ana oem 
o@ ,| soe TIM TMM 
No | c: 
2 - a ot mimes 
=u Sa allie 
O al 
380s EX = ln 

- =o 


=e a HH 
Seer cin ct NOTES: 

PEAK T, =P T 

0.01 ot AK Ty ad 2a A 


10° 10? 10°71 10° 10! 10? 10° 
t, RECTANGULAR PULSE DURATION (s) 


FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 


Ta = +25°C 


FOR TEMPERATURES 
100 eee |_| |) ABOVE +25°C DERATE PEAK | 
= CURRENT AS FOLLOWS: 


Na ioe 


10 ees OE 


=as 
uaa 
eect S111 4 Ht 


MAY LIMIT CURRENT ACTH CTE See 
—| MAY LIMIT CURRENT emi 


1 IN THIS REGION Bg AT 


; MT 


105 104 10° 107 1071 10° 10! 
t, PULSE WIDTH (s) 


FIGURE 4. PEAK CURRENT CAPABILITY 


PULSE TEST 
PULSE DURATION = 250us 
DUTY CYCLE = 0.5% MAX 


0.0 3.0 4.5 6.0 7.5 
en GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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Typical Performance Curves (continued) 


w 20 Ip = 250nA a Vas = Vos; |p = 2501A 
3 q 
w 
PG 15 OO 15 
25 as 
<9 No 

> —a > 
ra] < 
a $1.0 = 9 1.0 
: 52 
J 8 = Fa 
2 uf 0.5 : 0.5 
g 5° gre 
. > 
¥ 0.0 0.0 

-80 -40 0 40 80 120 160 -80 -40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 7. NORMALIZED DRAIN-SOURCE BREAKDOWN FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
VOLTAGE vs JUNCTION TEMPERATURE JUNCTION TEMPERATURE 


PULSE DURATION = 250y8, Vgs = 5V, Ip =3.5A 
2.0 


1.5 
1.0 


0.5 


rps(on), ON-STATE RESISTANCE (mQ) 


fps(onys NORMALIZED ON RESISTANCE 


0.0 
-80 -40 0 40 80 120 160 2.5 3.0 3.5 4.0 4.5 5.0 
Ty, JUNCTION TEMPERATURE (°C) Vas, GATE-TO-SOURCE VOLTAGE (V) 
FIGURE 9. NORMALIZED rpgion) VS JUNCTION FIGURE 10. rps(ony FOR VARYING CONDITIONS OF GATE 
TEMPERATURE VOLTAGE AND DRAIN CURRENT uw 
4 
=” 
_ 
Vp = 15V, Ip = 3.5A, R,, = 4.299 5 9 
120 
= = °4 
wy Von = BVpss wi — Oo 
cu) al 
100 D4 < a co 
re) re) = 
w 80 nf > ” 
= 5) 5) 
- « cc 
@ 60 2 3 
z D 0.75 BVpss 4 
5 z 0.50 BVpss uw 
E 40 <= 0.25 BVpss ie 
w et AL = 8570 ig 
=JU.2m 
20 g ren $ 
0 Ia (REF) 1G (REF) 
20; t, TIME (1s) 2 a 
Rgs, GATE-TO-SOURCE RESISTANCE (2) G (ACT) G (ACT) 
FIGURE 11. SWITCHING TIME AS A FUNCTION OF FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
GATE RESISTANCE CONSTANT GATE CURRENT. REFER TO HARRIS 


APPLICATION NOTES AN7254 AND AN7260 
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Typical Performance Curves (continued) 


C, CAPACITANCE (pF) 


Vos = OV, FREQUENCY (f) = 1MHz 


1000 


“I 
or 
So 


0 5 10 15 20 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 13. TYPICAL CAPACITANCE vs VOLTAGE 


POWER DISSIPATION MULTIPLIER 


0 25 50 


ifR=0 
tay = lash .3*RATED BVpgs - Vop) 
# 
tw (L/R)IN[(Ia"R)/(1.3*RATED BVpgg - Vpp) +1] 
SS 


eC 
FNS, STARTING T, = +25°C xX 


aan I, tt 
Nh HSS 


CCN ING it i 
CMS PSITIECe AH 


ae 
CETTE LETT | 
th 
STARTING T, = +150°C Tl NII 


0.1 1 10 100 
tay, TIME IN AVALANCHE (ms) 


las, AVALANCHE CURRENT (A) © 


FIGURE 14. UNCLAMPED INDUCTIVE SWITCHING. REFER TO 
HARRIS APPLICATION NOTES AN9321 
AND AN9322 


75 100 125 150 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 15. NORMALIZED POWER DISSIPATION vs TEMPERATURE DERATING CURVE 


Test Circuits and Waveforms 


VARY tp TO OBTAIN 


REQUIRED PEAK las Rg 


Ves 


tp 
ov 


FIGURE 16. UNCLAMPED ENERGY TEST CIRCUIT 


BVpss 


+ tav 


FIGURE 17. UNCLAMPED ENERGY WAVEFORMS 
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Test Circuits and Waveforms (continued) 


Vpo ton torr 
to(on) to(orF) 
Ri 
Vv 
Vos = 90% 
Ves 
| | DUT 10% 
ov 
90% 
R 
= ‘ 50% 
aaa PULSE WIDTH 
10% 
FIGURE 18. RESISTIVE SWITCHING TEST CIRCUIT FIGURE 19. RESISTIVE SWITCHING WAVEFORMS 


Soldering Precautions 


The soldering process creates a considerable thermal stress 4. The peak temperature in the soldering process should be 


on any semiconductor component. The melting temperature at least 30°C higher than the melting point of the solder 
of solder is higher than the maximum rated temperature of chosen. 

the device. The amount of time the device is heated to a 5. The maximum soldering temperature and time must not 
high temperature should be minimized to assure device reli- exceed 260°C for 10 seconds on the leads and case of 
ability. Therefore, the following precautions should always the device. 


be observed in order to minimize the thermal stress to which 6 


the devices are subjected. . After soldering is complete, the device should be allowed 


to cool naturally for at least three minutes, as forced cool- 
1. Always preheat the device. ing will increase the temperature gradient and may result 


2. The delta temperature between the preheat and soldering in latent failure due to mechanical stress. 
should always be less than 100°C. Failure to preheat the | 7. During cooling, mechanical stress or shock should be 
device can result in excessive thermal stress which can avoided. 
damage the device. 


3. The maximum temperature gradient should be less than 
5°C per second when changing from preheating to sol- 
dering. 


SMALL OUTLINE 
PRODUCTS 
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Temperature Compensated PSPICE Model for the RF1K49088 


SUBCKT RF1K49088 2 1 3; 


CA 12 8 1.081e-9 
CB 15 14 1.138e-9 


rev 7/21/94 


CIN 6 8 0.673e-9 5 DRAIN 

" LDRAIN : 
DBODY 7 5 DBDMOD DPLCAP RDRAIN 
DBREAK 5 11 DBKMOD ESG DBREAK 
DPLCAP 10 5 DPLCAPMOD + vo 1° 

rece DBODY 
EVTO lI MOS2 
EBREAK 11 7 17 18 34.1 GATE RGATE ~~ ; 21 " 
EDS 1485 8 1 lof am MOS1 + 
EGS 13868 1 tgate® = 20 \8 EBREAK (32) 
ESG 6 10 6 8 1 RIN CIN 
EVTO 20 6 18 8 1 ; RSOURCE| , | LSOURCE 
‘ ; » 3 
IT 8 17 1 | SIAh }6S2A oun 
12 cE} 14 15 47 RBREAK 48 
LDRAIN 2 5 1e-9 8 13 
LGATE 1 9 1.233e-9 S1B9 > S2B RVTO 
LSOURCE 3 7 0.452e-9 13 
CA CB (4) iT 19 

MOS1 16 6 8 8 MOSMOD M=0.99 + ae Vent 
MOS2 16 21 8 8 MOSMOD M=0.01 EGS EDS = 


RBREAK 17 18 RBKMOD 1 
RDRAIN 5 16 RDSMOD 1.408e-3 
RGATE 9 20 3.33 

RIN 6 8 1e9 

RSOURCE 8 7 RDSMOD 20e-3 
RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 

$1B 13 12 13 8 S1BMOD 
S2A 6 15 14 13 S2AMOD 
$2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 216 0.211 


.MODEL DBDMOD D (IS = 2.82e-13 RS = 1.72e-2 TRS1 = 1.58e-3 TRS2 = 1.23e-7 CJO = 9.19e-10 TT = 2.03e-8) 
.MODEL DBKMOD D (RS = 2.65e-1 TRS1 = 5.00e-3 TRS2 = 7.09e-5) 

.MODEL DPLCAPMOD D (CJO = 0.42e-9 IS = 1e-30 N = 10) 

-.MODEL MOSMOD NMOS (VTO = 2.01 KP = 15.01 IS = 1e-30 N=10 TOX=1 L=1u W= 1u) 
.MODEL RBKMOD RES (TCi = 1.02e-3 TC2 = -1.98e-6) 

.MODEL RDSMOD RES (TC1 = 3.50e-3 TC2 = 3.70e-6) 

MODEL RVTOMOD RES (TC1 = -2.53e-3 TC2 = 8.13e-7) 

MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -6.2 VOFF= -3.8) 

-MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -3.8 VOFF= -6.2) 

MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -1.4 VOFF= 4.1) 

MODEL S2BMOD VSWITCH (RON = te-5 ROFF = 0.1 VON = 4.1 VOFF= -1.4) 


-ENDS 


NOTE: For further discussion of the PSPICE model, consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options; IEEE Power Electronics Specialist Conference Records, 1991. 
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FARRIS 


SEMICONDUCTOR 


ao 


RF1K49090 


3.5A, 12V, Avalanche Rated, Logic Level, Dual 


December 1995 


Features 
—¢ 3.5A, 12V 
° tps(on) = 0.0502 
e Temperature Compensating PSPICE Model 


On-Resistance vs Gate Drive Voltage Curves 
° Peak Current vs Pulse Width Curve 
UIS Rating Curve 


Description 


The RF1K49090 Dual N-Channel power MOSFET is 
manufactured using an advanced MegaFET process. This 
process, which uses feature sizes approaching those of LS! 
integrated circuits, gives optimum utilization of silicon, 
resulting in outstanding performance. It is designed for use 
in applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and low-voltage bus 
switches. This product achieves full-rated conduction at a 
gate bias in the 3V - 5V range, thereby facilitating true on-off 
power control directly from logic level (5V) integrated 
circuits. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE | BRAND 
RF1K49090 MS-012AA RF1K49090 


NOTE: When ordering, use the entire part number. For ordering in 
tape and reel, add the suffix 96 to the part number, i.e. 
RF1K4909096. 


Formerly developmental type TA49090. 


Absolute Maximum Ratings Ty, = +25°C 


Drain-Source Voltage... 0.0.0.0... cece eee eee ee een eens 
Drain-Gate Voltage ...... 0... . cece eee eee eee ees 
Gate-Source Voltage... 1.0... eee cee eee eens 


Drain Current 


Continuous (Pulse width = 5s)......... 0.0... cc cece eee eee 
PUISEG: 9 ¢ ati gars eaten tank Seah Gea a hoe e waste eines 


Pulsed Avalanche Rating............ 0... cee eee eee eee 


Power Dissipation 


HT Gad 25 OG ahi tnd nes as ees ere oa SO 


Operating and Storage Temperature................-2.0 eee eee 
Soldering Temperature of Leads for10S................. 20 eee 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
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N-Channel Enhancement-Mode Power MOSFET 


Packaging 
JEDEC MS-012AA (SOP-8) 


BRANDING DASH 


ao 


5 
| 
2 
3 
4 
Symbol 
en ee 0 Di (8) 
; D1 (7) 
$1 (1) : : 
G1 (2) ; 
: ro D2 (6) 
; 0 D2 (5) 
$2 (3) o- : 
G2 (4) 
> 
mL 
FO 
25 
O48 
=— © 
— 
RF1K49090 qo 
UNITS = 
eaovesvnese Vpss 12 V 
re ey VpcrR 12 V 
rere Vas +10 V 
Seshite tein tad lp 3.5 A 
ere re ee lpm Refer to Peak Current Curve 
aca aaa leat Eas Refer to UIS Curve 
s Astetitetatas Pp 2 Ww 
Octet eds certs 0.016 wc 
wclever bee Tsta@ Ty -55 to +150 °C 
eee ree Th 260 °C 


File Number 3985.3 


Specifications RF1K49090 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


[raranerens —[onisen | vesrconomons wn [ve [ wax [oes 
[Pansonmoonamvane | Wom [orsonver™ | @ | | | 
/ Gate Threshold Voltage Vescth) |Vas=Vosio=25A | ot | V 


Vop = 6V, Ip = 3.5A, 
R. = 1.719, Veg = 5V, 
Res = 252 


Zero Gate Voltage Drain Current 


< 
> 


oo, 
=) 
ra) 
3 

> 


Gate-Source Leakage Current 


On Resistance 
Turn-On Time 
Turn-On Delay Time toon) 
Rise Time 

Turn-Off Delay Time to(oFF) 


Fall Time 


— 
BAN 
So 


Turn-Off Time 


ma} 


F 


2 
Q 


Total Gate Charge Qecror) | Vas =0V to 10V | Vpp = 9.6V, 


Qe) Ves = OV to 5V 
Qecth) Vas = OV to 1V 


Vos = 10V, Vag = OV, 
= 1MHz 


=| 
QO 


Gate Charge at 5V 


Threshold Gate Charge 


nT 


input Capacitance Ciss 


a] 


Output Capacitance Coss | 


Reverse Transfer Capacitance Crss 


Thermal Resistance Junction-to-Ambient | Raja Pulse width = 1s 
Device mounted on FR-4 material 


Source-Drain Diode Ratings and Specifications 


n 


= = 
ie) a 
> 

© 


Forward Voltage Isp = 3.5A Le 
Reverse Recovery Time | tae lop = 3.5A, dlgp/dt = 100A/us Le 
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Typical Performance Curves 


100 
maa 11 
HEHEHE 
2 " THT eT HT 
= 10 a2 | 
2 No 1 
Ww ww 2. 
x qo 
a Ss WwW 
= ce 
Oo 1 0 al 
z 2 < 
4 uae Tt a <r 
a Ne . Mme Zw 0.1 eee 
a —t 
te ct Ss ci tt $2! Soares eae 
OPERATION IN THIS Zeit ti 
SHEA Ee Fr || DUTY FACTOR: D = tyte 
f 
ah DS(ON) si om PEAK Ty = Poy X Zoya + Ta 
10° 102 107 10° 10! 10? 10? 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) t, RECTANGULAR PULSE DURATION (s) 
FIGURE 1. SAFE OPERATING AREA CURVE _ FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 
Ta = +25°C 


FOR TEMPERATURES 
ABOVE +25°C DERATE Fear 


lp, DRAIN CURRENT (A) 


is Sti mS 


lp,» PEAK CURRENT CAPABILITY (A) 


1 i 
25 50 75 100 125 150 10°5 10% 10° 102 1071 10° 10! 
T,, AMBIENT TEMPERATURE (°C) t, PULSE WIDTH (s) 
FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs FIGURE 4. PEAK CURRENT CAPABILITY 
TEMPERATURE 
PULSE DURATION = 250ys, Ta = +25°C Vpp = 6V 


25 


SMALL OUTLINE 
PRODUCTS 


Ip, DRAIN CURRENT (A) 


PULSE TEST 
PULSE DURATION = 2501s 
DUTY CYCLE = 0.5% MAX 


Ip(on): ON-STATE DRAIN CURRENT (A) 


0 1.0 2.0 3.0 4.0 5.0 0.0 1.5 3.0 4.5 6.0 7.5 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) Vas, GATE-TO-SOURCE VOLTAGE (V) 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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Typical Performance Curves (Continued) 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED DRAIN-SOURCE BREAKDOWN 
VOLTAGE vs JUNCTION TEMPERATURE 


PULSE DURATION = 250s, Vgs = SV, Ip = 3.5A 


Tps(on)» NORMALIZED ON RESISTANCE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED rpgion) VS JUNCTION TEMPERA- 
TURE 


Vop = 6V, Ip = 3.5A, R, = 1.71Q 


SWITCHING TIME (ns) 


Regs, GATE-TO-SOURCE RESISTANCE (Q) 


FIGURE 11. SWITCHING TIME AS A FUNCTION OF GATE RE- 
SISTANCE 


Ves = Vps; Ip = 250A 


Vestn), NORMALIZED GATE 
THRESHOLD VOLTAGE 


-80 -40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
JUNCTION TEMPERATURE 


PULSE DURATION = 250u8, Vpp = 10V 


rps(on) ON-STATE RESISTANCE (mQ) 


0 
2.5 3.0 3.5 4.0 45 5.0 
Ves, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 10. rps(on) FOR VARYING CONDITIONS OF GATE 
VOLTAGE AND DRAIN CURRENT 


=“ 
LS) 


Vpp = BVpss 


0.75 BV 

0.50 BVoss 

3 0.25 BVoss 
R, = 3.430 
IG(REF) =0.6mA 


Vps, DRAIN-SOURCE VOLTAGE (V) 
o 
Vgs, GATE-SOURCE VOLTAGE (V) 


1 
t.TIME (is) 90 2.REF) 


le (ACT) G (ACT) 
FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 


CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 
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Typical Performance Curves (continued) 


Vgs = OV, FREQUENCY (f) = 1MHz 


-T STARTING T, = +25°C 1] 
am. ] 
a. HOOT 


NSC 


CST 
|| starmnaty= «sre (IN, | NU TITl 


Nie 


C, CAPACITANCE (pF) 


tay = (L)(Ias/(1.3*RATED BVpgsg - Vpp) | 
lfR +0 
tay = (U/R) In [(fas*R)(1.3*RATED BVpgsg - Vpp) +1] 


Ins» AVALANCHE CURRENT (A) 


0.1 1 10 100 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) tay, TIME IN AVALANCHE (ms) 
FIGURE 13. TYPICAL CAPACITANCE vs VOLTAGE FIGURE 14. UNCLAMPED INDUCTIVE SWITCHING. REFER TO 
HARRIS APPLICATION NOTES AN9321 AND 
AN9322 


POWER DISSIPATION MULTIPLIER 


0 25 50 75 ~—«- 100 125 150 
T,, AMBIENT TEMPERATURE (°C) 


FIGURE 15. NORMALIZED POWER DISSIPATION vs TEMPERATURE DERATING CURVE 


SMALL OUTLINE 
PRODUCTS 
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Test Circuits and Waveforms 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


Vps 


Re 
Vas 


L- 
OV 


FIGURE 16. UNCLAMPED ENERGY TEST CIRCUIT 


Vpp 
Rr 


Vos 


DUT 


FIGURE 18. RESISTIVE SWITCHING TEST CIRCUIT 


BVpss 


+ tav 


FIGURE 17. UNCLAMPED ENERGY WAVEFORMS 


fon torr 
tp(on) to(orr) 
Vos 90% 90% 
10% | 10% 
90% 
Yes i PULSE WIDTH a 


10% 


FIGURE 19. RESISTIVE SWITCHING WAVEFORMS 


Soldering Precautions 


The soldering process creates a considerable thermal stress 
on any semiconductor component. The melting temperature 
of solder is higher than the maximum rated temperature of 
the device. The amount of time the device is heated to a 
high temperature should be minimized to assure device reli- 
ability. Therefore, the following precautions should always 
be observed in order to minimize the thermal stress to which 
the devices are subjected. 


1. 
2 


Always preheat the device. 


The delta temperature between the preheat and soldering 
should always be less than 100°C. Failure to preheat the 
device can result in excessive thermal stress which can 
damage the device. 


. The maximum temperature gradient should be less than 


5°C per second when changing from preheating to sol- 
dering. 
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. The peak temperature in the soldering process should be 


at least 30°C higher than the melting point of the solder 
chosen. 


. The maximum soldering temperature and time must not 


exceed 260°C for 10 seconds on the leads and case of 
the device. 


. After soldering is complete, the device should be allowed 


to cool naturally for at least three minutes, as forced cool- 
ing will increase the temperature gradient and may result 
in latent failure due to mechanical stress. 


. During cooling, mechanical stress or shock should be 


avoided. 


RF1K49090 


Temperature Compensated PSPICE Model for the RF1K49090 


SUBCKT RF1K49090 213; rev 9/6/94 


CA 12 8 9.77e-10 
CB 15 14 9.19e-10 
CIN 6 8 7.816-10 


5 DRAIN 

10 » 2 
DBODY 7 5 DBDMOD i OBAal 
DBREAK 5 11 DBKMOD gk. OPERA iia ee 
DPLCAP 10 5 DPLCAPMOD ESG Pa 

+ 

VTO 
EBREAK 11 7 17 18 14.89 eVTO “He Mos2 DRODY 
EDS 14858 1 GATE RGATE + - | 21 
EGS 13868 1 1¢ Ws 2 MOS1 LP 
ESG 6 1068 1 LGATE EBREAK(#) 
EVTO 20 6 18 8 1 RIN CIN 
8 RSOURCE 7 LSOURCE 
IT 8171 a 
LDRAIN 2 5 1e-9 cc RBREAK patie 
ie rey aes 

LGATE 1 9 1.233e-9 5; " " 
MOS1 16 6 8 8 MOSMOD M=0.99 es nm” ee on Ge 
MOS2 16 21 8 8 MOSMOD M=0.01 : er : 

EGS EDS == VBAT 
RBREAK 17 18 RBKMOD 1 - “ + 


RDRAIN 5 16 RDSMOD 4.91e-3 
RGATE 9 20 2.74 

RIN 6 8 1e9 

RSOURCE 8 7 RDSMOD 5e-3 
RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 

S1B 13 12 13 8 S1BMOD 
S2A 6 15 14 13 S2AMOD 
S2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 0.3215 


.MODEL DBDMOD D (IS = 7.00e-13 RS = 2.15e-2 TRS1 = 0.5e-3 TRS2 = 3.68e-6 CJO = 1.28e-9 TT = 1.8e-8) 
MODEL DBKMOD D (RS = 1.28e-1 TRS1 = 1.69e-3 TRS2 = -2.0e-6) 

.MODEL DPLCAPMOD D (CJO = 0.84e-9 IS = 1e-30 N = 10) 

.MODEL MOSMOD NMOS (VTO = 1.63 KP = 11.55 IS = 1e-30 N= 10 TOX=1 L=1u W= 1u) 
.MODEL RBKMOD RES (TC1 = 9.15e-4 TC2 = 3.13e-7) 

.MODEL RDSMOD RES (TC1 = 7.00e-4 TC2 = 5.00e-6) 

.MODEL RVTOMOD RES (TC1 = -2.155e-3 TC2 = -2.7e-6) 

MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-6.05 VOFF= -4.05) 

.MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-4.05 VOFF= -6.05) 

MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-0.72 VOFF= 4.28) 

MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 4.28 VOFF= -0.72) 


SMALL OUTLINE 
PRODUCTS 


.ENDS 


NOTE: 


1. For further discussion of the PSPICE model, consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options; IEEE Power Electronics Specialist Conference Records, 1991. 
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ca SEMICONDUCTOR 


RF1K49092 


3.5A/2.5A, 12V, Avalanche Rated, Logic Level, Complementary 


December 1995 


Features 


¢ 3.5A, 12V (N-Channel) 
2.5A, 12V (P-Channel) 


Fps(on) = 0-0502 (N-Channel) 
ps(on) = 0.1302 (P-Channel) 


e Temperature Compensating PSPICE Model 


Enhancement-Mode Power MOSFET 


Packaging 
JEDEC MS-012AA (SOP-8) 
BRANDING DASH 


5 
e On-Resistance vs Gate Drive Voltage Curves 
¢ Peak Current vs Pulse Width Curve 1 
2 
e UIS Rating Curve 3 
a s 4 
Description 
The RF1K49092 complementary power MOSFET is 
manufactured using an advanced MegaFET process. This Svmbol 
process, which uses feature sizes approaching those of ymbo 
LSI integrated circuits, gives optimum utilization of silicon, | =n we ‘ 
resulting in outstanding performance. It is designed for use D1 (8) 
in applications such as switching regulators, switching eet) 
converters, motor drivers, relay drivers, and low-voltage : 
bus switches. This product achieves full-rated conduction $1 (1) : 
at a gate bias in the 3V - 5V range, thereby facilitating true G1 (2) o- : 
on-off power control directly from logic level (5V) integrated ; : 
circuits. : : D2 (6) 
PACKAGING AVAILABILITY 0 D2 (5) 
PART NUMBER | PACKAGE | BRAND sie 
G2 (4) : 
RF1K49092 MS-012AA RF1K49092 : 
NOTE: When ordering, use the entire part number. For ordering in ee ee ee oP a . 
tape and reel, add the suffix 96 to the part number, i.e. 
RF1K4909296. 
Formerly developmental type TA49092. 
Absolute Maximum Ratings T, = +25°C 
RF1K49092 
N-CHANNEL P-CHANNEL UNITS 
Drain-Source Voltage ... 2... cc eect ee eee Voss 12 “12 V 
Drain-Gate Voltage .. 0.0... cee cece eee Vocr 12 “12 V 
Gate-Source Voltage... 6... eee eee Ves +10 +10 V 
Drain Current 
Continuous (Pulse Width = 5s)............. 0.00005 Ip 3.5 2.5 A 
PUISOO 4 55 radar etsy warts armitrent Gee tacaswesenpe Jas lpm Refer to Peak Current Curve Refer to Peak Current Curve 
Pulsed Avalanche Rating......................68- Eas Refer to UIS Curve Refer to UIS Curve 
Power Dissipation 
Ta = +25°C aie Ace: ahegiecal o: Seaieinge: COU “ate uu obcei de’ Se) ayia ign seul ce ass otiat tees a) fe Pp 2 2 W 
Derate above 426°C sis ivi Weds eaeee as aioe 0.016 0.016 Ww/°C 
Operating and Storage Temperature............. Tstq@ Ty -55 to +150 -55 to +150 °C 
Soldering Temperature of Leads for10s............... TL 260 260 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD handling procedures. File Number 3968.2 


Copyright © Harris Corporation 1995 
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Specifications RF1K49092 


N-Channel Electrical Specifications T, = +25°C, Unless Otherwise Specified | 


[rananerens —Tennsox [vesrcoworons [wn [ve [ wax [oe 
[Paniorwenacenvonn [oe ferwmrvere [| [|v 
Zero Gate Voltage Drain Current LA 


Ta = +150°C 
Gate-Source Leakage Current lass Vas = +10V 
R. = 1.710, Veg = 5V, 
Turn-On Delay Time tp(on) Regs = 252 


: 
6 i 
> 


100 


= 
> 


100 


— 
fee) 


| Turn-Off Delay Time tp(OFF) 
Fall Time 
Turn-Off Time 


Total Gate Charge Garon 


tr 
tf 
torr 140 


ie) 


—_ 
oO 


=| 
O) 


Ves = OV to 10V Vop = 9.6V, 
Gate Charge at 5V Qe) Ves = OV to 5V 
Threshold Gate Charge Qertn) Ves = OV to 1V 


nN 
aK, 
or 
=| 

.?) 


Input Capacitance Ciss Vps = 10V, Ves = OV, 750 p 
f = 1MHz 

Output Capacitance Coss 700 p 

Reverse Transfer Capacitance Crss 275 p 


c 


_ 
ye) 
3 

.@) 


°C/W 


co2) 
nm 
on 


Thermal Resistance Junction-to-Ambient Rea Pulse width = 1s 
Device mounted on FR-4 material 


N-Channel Source-Drain Diode Ratings and Specifications | 


PARAMETERS SYMBOL TEST CONDITIONS | win | TYP | MAX UNIT 
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SMALL OUTLINE 
PRODUCTS 


Specifications RF1K49092 


P-Channel Electrical Specifications T, = +25°C, Unless Otherwise Specified : 


_raranerens Tsrasor [vesrcovorons [ww [rer [wae [uns 
[Pansowwsencmvone | Se [ormmaver | =f | | 
Zero Gate Voltage Drain Current pA 


Vp = -6V, Ip = 2.54, 
R, = 2.402, Veg = -5V, 
Reg = 252 


Gate-Source Leakage Current 


On Resistance 


Turn-On Time 


Turn-On Delay Time toon) 


Rise Time 


Turn-Off Delay Time to(OFF) 


Fall Time 


Turn-Off Time 


Total Gate Charge ~ | Qecror) 


Ti 


F 


Vas = OV to -10V Vop = -9.6V, 
Qe.) Ves = OV to -5V 
QectH) Ves = OV to -1V 


Vps = -10V, Ves = OV, 
f = 1MHz 


Pulse width=1s 
Device mounted on FR-4 material 
P-Channel Source-Drain Diode Ratings and Specifications 


SYMBOL | TEST CONDITIONS 
Forward Voltage 
Reverse Recovery Time Pte | Isp = -2.5A, digp/dt = -100A/us 


Gate Charge at -5V | 
Threshold Gate Charge 
Input Capacitance Cre 


Output Capacitance Coss 


Reverse Transfer Capacitance Crss © 


Thermal Resistance Junction-to-Ambient Rasa 


PARAMETERS 
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RF1K49092 


Typical Performance Curves (N-Channel) 


Ta = +25°C 10 
100 5 5:is Ss = SSE SS SS SE EEE: 


man i ee ea 

Z 10 ae Tee 
5 7 PE eee cm, Settee NI 5 1 
e E« Zo 
fo af Br — my 
& ae : © Comic oh 
a ——— - =2_ SS ES Es: Se = = S22: Sf pr deg tt 
2. es SEE ta = jee (MI 
< — <a 0.1 A al 
oc Ze ui Y- z 
7 0.1 ae SS EES Se CC SSS SS SEZ EEE FE == 
. NIN THIS EDC == ee NOTES: 

Sane BE ii sea ed ttt | DUTY FACTOR: D = t,/t, 

0.01 LLIMITED BY rosion) ah cent i. al PEAK Ty = Pow X Zoya + Ta 
0.1 1 10 100 1039 102 104 — 400 407 10? 10° 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) t, RECTANGULAR PULSE DURATION (s) 
FIGURE 1. SAFE OPERATING AREA CURVE FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 


IMPEDANCE 


|} 4-4 ABOVE +25°C DERATE PEAK} 

ein aes TOMNLCO ft CURRENT AS FOLLOWS: 
comme oe eS | 0 | 

| Hvac csv Toss 

MEAN! a 


Ip, DRAIN CURRENT (A) 
low, PEAK CURRENT CAPABILITY (A) 


25 50 75 100 125 150 10° 104 10° 10°72 10°1 10° 10! 
Ta, AMBIENT TEMPERATURE (°C) t, PULSE WIDTH (s) 
FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs FIGURE 4. PEAK CURRENT CAPABILITY 
TEMPERATURE 
PULSE DURATION = 250us, Ta = +25°C Be Vop = 6V 


Lynd 
(43) 


es) 2 
| UF | 
| Fy tf 
APN eb 


PRODUCTS 


ames a Aa 2 Ves = 10V 
[fe 7 | ye = 5V 
[ff | yee = 4.5V 


20 


SMALL OUTLINE 


15 


= 
a 


10 


Ip, DRAIN CURRENT (A) 


PULSE TEST 
PULSE DURATION = 2508 
A DUTY CYCLE = 0.5% MAX 


Ip(on)» ON-STATE DRAIN CURRENT (A) 


0 0 
0 1.0 2.0 3.0 4.0 5.0 0.0 1.5 3.0 45 6.0 7.5 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) Ves, GATE-TO-SOURCE VOLTAGE (V) 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RF1K49092 


Typical Performance Curves (N-Channel) (Continued) 


Ip = 250nA 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 


40 80 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED DRAIN-SOURCE BREAKDOWN 
VOLTAGE vs JUNCTION TEMPERATURE 


PULSE DURATION = 250us, Ves = 5V, Ip = 3.5A 


ps(on)) NORMALIZED ON RESISTANCE 


0 40 80 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED rpgiony vs JUNCTION TEMPERA- 
TURE 


Vop = 6V, Ip = 3.5A, Ri = 1.710 


SWITCHING TIME (ns) 


Res, GATE-TO-SOURCE RESISTANCE (Q) 


FIGURE 11. SWITCHING TIME AS A FUNCTION OF GATE RE- 
SISTANCE 


Ves = Vps, Ip = 250A 
2.0 


oak oh 
~) ai 


THRESHOLD VOLTAGE 
a 
a 


Vescry)» NORMALIZED GATE 


-40 0 40 80 


T,, JUNCTION TEMPERATURE (°C) 


120 160 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
JUNCTION TEMPERATURE 


PULSE DURATION = 250s, Vpp = 10V 


rpson)» ON-STATE RESISTANCE (mQ) 


3.0 3.5 4.0 4.5 
Vgs, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 10. rpson) FOR VARYING CONDITIONS OF GATE 
VOLTAGE AND DRAIN CURRENT 


Vpp = BVpss 


Vps, DRAIN-SOURCE VOLTAGE (V) 
Vgs, GATE-SOURCE VOLTAGE (V) 


1 
205 (REF) 
G (ACT) 


IG (REF) 


t, TIME (us) 80; 
G(ACT) 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 
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RF1K49092 


Typical Performance Curves (N-Channel) (Continued) 


Ves = OV, FREQUENCY (f) = 1MHz 


< 
5 2c ~ 
c & 1 
a va — eo. TT 
Ww x ae HH b, SE 
9 a ee a t-PA [a 
< = CTE OST 
g SO eT SEN 
< 
if NTH 
dj tay = (L)(las(1.3*RATED BVpss - Vpp) pti 
= tRz#0 
tay = (UR)In[(I4g*R)/(1.3*RATED BVpss - Vop) +1] i 
0.1 1 10 100 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) tay TIME IN AVALANCHE (ms) 
FIGURE 13. TYPICAL CAPACITANCE vs VOLTAGE FIGURE 14. UNCLAMPED INDUCTIVE SWITCHING. REFER TO 


HARRIS APPLICATION NOTES AN9321 AND 


AN9322 


POWER DISSIPATION MULTIPLIER 


oO 25 50 75 100 125 150 
T,, AMBIENT TEMPERATURE (°C) 


FIGURE 15. NORMALIZED POWER DISSIPATION vs TEMPERATURE DERATING CURVE 


Test Circuits and Waveforms (N-Channel) 


Vos 
BVpss 


VARY tp TO OBTAIN 
REQUIRED PEAK Igs 


Ves 


tp 
OV 


FIGURE 16. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 17. UNCLAMPED ENERGY WAVEFORMS 
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RF1K49092 


Test Circuits and Waveforms (N-Channel) (Continued) 


Vpp 


RL 


Vos 


DUT 


FIGURE 18. RESISTIVE SWITCHING TEST CIRCUIT 


Typical Performance Curves (P-Channel) 


Ta = +25°C 
-100 


-10 


=== 
—— 
— 


Ip, DRAIN CURRENT (A) 


OPERATION IN THIS 
AREA MAY BE 
LIMITED BY FDS(ON) 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 20. SAFE OPERATING AREA CURVE 


Ip, DRAIN CURRENT (A) 


50 
Ta, AMBIENT TEMPERATURE (°C) 


75 100 125 


FIGURE 22. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 


torr 
to(OFF) 


90% 


10% 


90% 


50% 


Ves 
10% 


PULSE WIDTH 


FIGURE 19. RESISTIVE SWITCHING WAVEFORMS 


at a uy 
TH thee 


Ww 
ag aa 
NO si - —= 
ao ee teaerritt—_ 

3 a rrr Tie aati 
co pre a ABEIIIIi 

S 3 anil 

=s mailing 

<x erie 

SE: 


|| PEAK Ty= Pom x ZQuA + Ta 


102 10° 10° 10! 102 
t, RECTANGULAR PULSE DURATION (s) 


FIGURE 21. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 


Ta = 425°C 


-10 


Ht | 
MN Milli seu 
i cee SU NI 


So =a Pe it tii ay 


Ht 8 
" 
11 a, 


maaiiil 


Hit 
TRANSCONDUCTANCE ||! 


MAY LIMIT CURRENT 
IN THIS REGION 


lpy, PEAK CURRENT CAPABILITY (A) 


1 


10° 1o* = 10%) 10? 10°71 10° 


t, PULSE WIDTH (s) 


FIGURE 23. PEAK CURRENT CAPABILITY 
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RF1K49092 


Typical Performance Curves (P-Channel) (Continued) 


PULSE DURATION = 250us, T, = +25°C 


PULSE TEST 
PULSE DURATION = 250s 
DUTY CYCLE = 0.5% MAX 


Ip, DRAIN CURRENT (A) 
Injon), ON-STATE DRAIN CURRENT (A) 


0 -1.0 -2.0 -3.0 -4.0 -5.0 0.0 1.5 -3.0 -4.5 -6.0 7.5 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) Vas, GATE-TO-SOURCE VOLTAGE (V) 
FIGURE 24. TYPICAL SATURATION CHARACTERISTICS FIGURE 25. TYPICAL TRANSFER CHARACTERISTICS 
Ip = -250uA Ves = Vos Ip = -250HA 
2.0 


1.5 


1.0 


0.5 


VasctH) NORMALIZED GATE 
THRESHOLD VOLTAGE 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 


0.0 : 
-80 -40 0 40 80 120 160 -80 -40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) T,, JUNCTION TEMPERATURE (°C) 
FIGURE 26. NORMALIZED DRAIN-SOURCE BREAKDOWN FIGURE 27. NORMALIZED GATE THRESHOLD VOLTAGE vs 
VOLTAGE vs JUNCTION TEMPERATURE JUNCTION TEMPERATURE 
PULSE DURATION = 250us, Vgg = -5V, Ip = -2.5A PULSE DURATION = 250u1s, Vpp = -10V 


SMALL OUTLINE 
PRODUCTS 


rps(on), ON-STATE RESISTANCE (m22) 


ps(ony NORMALIZED ON RESISTANCE 


2.0 
15 
1.0 
0.5 
0.0 
80 -40 0 40 80 120 160 


- -2.5 -3.0 -3.5 -4.0 -4.5 5.0 
Ty, JUNCTION TEMPERATURE (°C) Ves, GATE-TO-SOURCE VOLTAGE (V) 
FIGURE 28. NORMALIZED rpgiony VS JUNCTION TEMPERA- FIGURE 29. rps(on) FOR VARYING CONDITIONS OF GATE 
TURE VOLTAGE AND DRAIN CURRENT 
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RF1K49092 
Typical Performance Curves (P-Channel) (Continued) 


~§.00 


Vpp = -6V, Ip =-2.5A, Ry= 2.402 


S S 
Lil 
o | O 
< 3.75 & 
a 5 9 
i : a 
= o 9 
= c 2.50 & 
S oO e) 
Z ® ® 
a 2 Ld 
p : : 
> rat “1.25 © 
” * ” 
& IG(REF) =-0.5mA — 

> Ves = -5V : 

; 7 0.00 
I 
29 SURED) t, TIME (us) so RED) 
Res: GATE-TO-SOURCE RESISTANCE (Q) 


G (ACT) G (ACT) 


FIGURE 30. SWITCHING TIME AS A FUNCTION OF GATE RE- FIGURE 31. NORMALIZED SWITCHING WAVEFORMS FOR 
SISTANCE CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 


Vas = OV, FREQUENCY (f) = 1MHz 
1200 | — T 


© 
Qo 
o 


600 


C, CAPACITANCE (pF) 


wo 
° 
© 

las, AVALANCHE CURRENT (A) 


“10 0.1 1 10 100 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) . tay, TIME IN AVALANCHE (ms) 
FIGURE 32. TYPICAL CAPACITANCE vs VOLTAGE FIGURE 33. UNCLAMPED INDUCTIVE SWITCHING. REFER TO 
| HARRIS APPLICATION NOTES AN9321 AND 
AN9322 . 


POWER DISSIPATION MULTIPLIER 


0 25 50 75 100 125 150 
T,, AMBIENT TEMPERATURE (°C) 


FIGURE 34. NORMALIZED POWER DISSIPATION vs TEMPERATURE DERATING CURVE 
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RF1K49092 


Test Circuits and Waveforms (P-Channel) 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


Re 


OV 


-Ves 
FIGURE 35. UNCLAMPED ENERGY TEST CIRCUIT 
Vop 


Ri 


FIGURE 37. RESISTIVE SWITCHING TEST CIRCUIT 


Soldering Precautions 


The soldering process creates a considerable thermal stress 
on any semiconductor component. The melting temperature 
of solder is higher than the maximum rated temperature of 
the device. The amount of time the device is heated to a 
high temperature should be minimized to assure device reli- 
ability. Therefore, the following precautions should always 
be observed in order to minimize the thermal stress to which 
the devices are subjected. 


1. 
2. 


Always preheat the device. 


The delta temperature between the preheat and soldering 
should always be less than 100°C. Failure to preheat the 
device can result in excessive thermal stress which can 
damage the device. 


. The maximum temperature gradient should be less than 
5°C per second when changing from preheating to sol- 
dering. 

. The peak temperature in the soldering process should be 
at least 30°C higher than the melting point of the solder 
chosen. 
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BVpss 


>| tav 


FIGURE 36. UNCLAMPED ENERGY WAVEFORMS 


ton torr 
toon) tp(orF) 
te 
10% 
Vos 90% + 
Ves 
50% 
PULSE WIDTH 
90% 


FIGURE 38. RESISTIVE SWITCHING WAVEFORMS 


5. The maximum soldering temperature and time must not 
exceed 260°C for 10 seconds on the leads and case of 
the device. | 


. After soldering is complete, the device should be allowed 
to cool naturally for at least three minutes, as forced cool- 
ing will increase the temperature gradient and may result 
in latent failure due to mechanical stress. 


. During cooling, mechanical stress or shock should be 
avoided. 


SMALL OUTLINE 
PRODUCTS 


RF1K49092 


Temperature Compensated PSPICE Model for the N-Channel RF1K49092 


SUBCKT RF1K49092 2 13; N-Channel Model rev 9/6/94 


CA 12 8 9.77e-10 DPLCAP 
CB 15 14.9.19e-10 5G : , DRAIN 
CIN 6 8 7.81e-10 LDRAIN 


DBODY 7 5 DBDMOD 
DBREAK 5 11 DBKMOD DBREAK 
DPLCAP 10 5 DPLCAPMOD | RDRAIN 


EBREAK 11 7 17 18 14.89 | ss 
EDS 1 
EGS 1 


DBODY 


ot 


oA — 
I 

=3 
1°) 

+ 


| MOS2 
: GATE 9 29 ETO 21 


+/18\— 6 
1 
IT 8 17 1 LGATE RGATE 


LDRAIN 2 5 1e-9 RIN CIN 
LGATE 1 9 1.233e-9 8 RSOURCE LSOURCE 


LSOURCE 3 7 0.4526-9 > SOURCE 


MOS1 16 6 8 8 MOSMOD M=0.99 SIA ¢ b SOA 
MOS2 16 21 8 8 MOSMOD M=0.01 12 3 i RBREAK 
17 18 
RBREAK 17 18 RBKMOD 1 S1B ¢ > SoB 
RDRAIN 5 16 RDSMOD 4.91e-3 a BvTe. 
= CA CB ! 


RVTO 18 19 RVTOMOD 1 


RGATE 9 20 2.74 : - 4) 19 
RIN 6 8 1e9 as = 
RSOURCE 8 7 RDSMOD 5e-3 EGS (=) EDS ($) == VBAT 


S1A 6 12 13 8 S1AMOD 

$1B 13 12 13 8 SiBMOD 
S2A 6 15 14 13 S2AMOD 
S$2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 216 0.3215 


.MODEL DBDMOD D (IS = 7.00e-13 RS = 2.15e-2 TRS1 = 0.5e-3 TRS2 = 3.68e-6 CJO = 1.28e-9 TT = 1.8e-8) 
MODEL DBKMOD D (RS = 1.28e-1 TRS1 = 1.69e-3 TRS2 = -2.0e-6) 

MODEL DPLCAPMOD D (CJO = 0.84e-9 IS = 1e-30 N = 10) 

.MODEL MOSMOD NMOS (VTO = 1.63 KP = 11.55 IS = 1e-30 N= 10 TOX=1 L=1u W= 1u) 
.MODEL RBKMOD RES (TC1 = 9.15e-4 TC2 = 3.13¢-7) 

.MODEL RDSMOD RES (TC1 = 7.00e-4 TC2 = 5.00e-6) 

MODEL RVTOMOD RES (TC1 = -2.155e-3 TC2 = -2.7e-6) 

MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -6.05 VOFF= -4.05) 

.MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -4.05 VOFF= -6.05) 

MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -0.72 VOFF= 4.28) 

MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 4.28 VOFF= -0.72) 


.ENDS 


NOTE: 


1. For further discussion of the PSPICE model, consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options; IEEE Power Electronics Specialist Conference Records, 1991. 
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RF1K49092 


Temperature Compensated PSPICE Model for the P-Channel RF1K49092 


SUBCKT RF1K49092 213; P-Channel Model rev 10/24/94 


CA 12 8 8.75e-10 DPLCAP 
CB 15 14 8.65e-10 10 
CIN 6 8 7.65e-10 


5 . DRAIN 
LDRAIN 


DBODY 5 7 DBDMOD 
DBREAK 7 11 DBKMOD 
DPLCAP 10 5 DPLCAPMOD RDRAIN 


EBREAK 5 11 17 18 -23.75 


by lt} MOS2 
EVTO 2068 18 1 ren a 20,£¥T0 21 


8 6 
1 5 
IT 8 17 1 LGATE RGATE MOS! DBREAK 


LDRAIN 2 5 16-9 RIN CIN 


LGATE 1 9 1.233e-9 8 RSOURCE LSOURCE 


LSOURCE 3 7 0.452e-9 > SOURCE 


MOS1 16 6 8 8 MOSMOD M=0.99 SiA ¢ > S2A 

MOS2 16 21 8 8 MOSMOD M=0.01 12 14 e RBREAK - 
RBREAK 17 18 RBKMOD 1 S1B § ? S2B 
RDRAIN 5 16 RDSMOD 7.36e-3 13 | 
RGATE 9 20 6.1 CA CB (t) 19 
RIN 6 8 19 y 5 a =Vvear 
RSOURCE 8 7 RDSMOD 4.56e-2 EGS (=) EDS ($.) | ae 
RVTO 18 19 RVTOMOD 1 ea = | 


S1A 6 12 13 8 STIAMOD 
S1B 13 12 13 8 SIBMOD 
S2A 6 15 14 13 S2AMOD 


_$2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 -0.558 


.MODEL DBDMOD D (IS = 3.0e-13 RS = 4.4e-2 TRS1 = 1.0e-3 TRS2 = -7.37e-6 CJO = 1.27e-9 TT = 2.2e-8) 
.MODEL DBKMOD D (RS = 7.846-2 TRS1 = -4.27e-3 TRS2 = 5.77e-5) 

.MODEL DPLCAPMOD D (CJO = 2.85e-10 IS = 1e-30 N = 10) 

.MODEL MOSMOD PMOS (VTO = -2.1423 KP = 9.206 IS = 1e-30 N= 10 TOX=1 L=1u W= 1u) 
.MODEL RBKMOD RES (TC1 = 9.61e-4 TC2 = -1.09e-6) 

.MODEL RDSMOD RES (TC1 = 2.10e-3 TC2 = 6.99e-6) 

.MODEL RVTOMOD RES (TC1 = -1.82e-3 TC2 = 1.47e-7) 

MODEL S1AMOD VSWITCH (RON = 16-5 ROFF = 0.1 VON =5.47 VOFF= 3.47) 

.MODEL S1BMOD VSWITCH (RON = te-5 ROFF = 0.1 VON =3.47 VOFF= 5.47) 

MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 1.05 VOFF= -3.95) 

.MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-3.95 VOFF= 1.05) 


.ENDS 


NOTE: 


1. For further discussion of the PSPICE model, consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options; IEEE Power Electronics Specialist Conference Records, 1991. 
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HARRIS RF1IK49093 


2.5A, 12V, Avalanche Rated, Logic Level, Dual 


December 1995 P-Channel Enhancement-Mode Power MOSFET 
Features Packaging 
© 2.5A, 12V JEDEC MS-012AA (SOP-8) 
* Ips(on) = 0.1302 BRANDING DASH 
¢ Temperature Compensating PSPICE Model en oe 
¢ On-Resistance vs Gate Drive Voltage Curves 
5 
¢ Peak Current vs Pulse Width Curve 
° UIS Rating Curve } 
s s 2 
Description 3 
4 
The RF1K49093 Dual P-Channel power MOSFET is 
manufactured using an advanced MegaFET process. This 
process, which uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, Symbol 
resulting in outstanding performance. It is designed for use 
in applications such as switching regulators, switching “ro D1 (8) 
converters, motor drivers, relay drivers, and low-voltage bus D1 (7) 
switches. This product achieves full-rated conduction at a 
gate bias in the 3V - 5V range, thereby facilitating true on-off $1 (1) 
power control directly from logic level (5V) integrated Gre) 
circuits. | 
PACKAGE AVAILABILITY 
D2 (6) 
PART NUMBER PACKAGE BRAND ies oe 
S2 (3) le 
RF1K49093 MS-012AA RF1K49093 G2 (4) I 
{ | 
NOTE: When ordering, use the entire part number. For ordering in 
tape and reel, add the suffix 96 to the part number, i.e. sa ci a ca: eee Ss 4 
RF1K4909396. 
Formerly developmental type TA49093. 
Absolute Maximum Ratings T, = +25°C 
- RF1K49093 UNITS 
Drain-Source Voltage s.2.75 oh eee date e eek Seds fea ha eal Ee eed ees Voss -12 V 
Drain-Gate VollaGe s4.69:5.2.s ea we etleeat we teas ws oe pulalee he pets Gs eeees VpaR -12 V 
Gate-Source. Vollage ss: .sia ee ee eae Se eee Hes ga ees catenins wit Ves +10 V 
Drain Current 
Continuous (Pulse Width’ = 58): s.c.4.i9 «00. ee tea detrei ade eee ees Ip 2.5 A 
PUSCO ss Acie phoebe adhe da cae Rei eat Regt ete hac he old lpm Refer to Peak Current Curve 
Pulsed Avalanche Rating.......... Leelee daa ue teens te Saute tetas Eas Refer to UIS Curve 
Power Dissipation 
Ta = +25°C ON aes NS Maite Me Pelee Ma ribs Ths “ange (0k Detar foley Ge R tay toi Gar tase ier Ooshs hi ane adie ew elned ave SO sateen Pp 2 W 
Derate above 425°C 6 cs euasradd ie eres et hiGetoeee ne es Sekai 0.016 w/°C 
Operating and Storage Temperature ...... 0... 00. cee cee eee eee ee Tstq@ Ty -55 to +150 °C 
Soldering Temperature of Leads for 10S........ 0... cece cece cece ee ee eee Ty. 260 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD handling procedures. Fite Number 3969.2 


Copyright © Harris C tion 1995 
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Specifications RF1K49093 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


[rannweren—Tsvieen [resrcowomons [wm [ye [ war [unre 
a 
vamos | | | * | 
| Zero Gate Voltage Drain Current 


Ip = 2.5A, Veg = -5V 


= 
0 


Gate-Source Leakage Current 


Ves = +10V 


On Resistance 


Turn-On Time 


oO 
z 


Vop = -6V, Ip = 2.5A, 
R, = 2.40Q, Veg = -5V, 
Res = 252 


Turn-On Delay Time 
Rise Time 
Turn-Off Delay Time to(oFF) 


Fall Time 


Turn-Off Time 


Tt 


F 


Qacrorn | Vas = OV to -10V Yoo oe 
p = 2.5A, 

Ves = OV to -5V Ri = 3.840 

Qecth) Ves = OV to -1V 


Ciss Vps = -10V, Ves = OV, 
f = 1MHz 


Total Gate Charge 


.?) 


Gate Charge at -5V 


Threshold Gate Charge 


© 


Input Capacitance 


wT 


= 
© 


Output Capacitance Coss 


Reverse Transfer Capacitance Cass 


Thermal Resistance Junction-to-Ambient Roya Pulse width = 1 second °C/W 
| Device mounted on FR-4 material 


vy) 
=o 
Source-Drain Diode Ratings and Specifications E 5 
[rasanerenTevucor | resrconomons [wn [rer [ wax Towns} | | 8 8 
, 4 o 
[rowesvome | vm fmm TT [om |) 
” 


Reverse Recovery Time pt | Isp = -2.5A, digp/dt = -100A/us Pos f= | 58 | ons | 
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- RF1K49093 


Typical Performance Curves 


-100 


-1 


mat mua 


Ip, DRAIN CURRENT (A) 


OPERATION IN THIS 
AREA MAY BE 


O01 1 610 100 
Vos, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 1. SAFE OPERATING AREA CURVE 


Ip, DRAIN CURRENT (A) 


25 50 75 100 125 150 
T,, AMBIENT TEMPERATURE (°C) 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 


PULSE DURATION = 250u8, Ta = +25°C 


Ip, DRAIN CURRENT (A) 


0 “1.0 -2.0 -3.0 -4.0 -5.0 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 


lpm, PEAK CURRENT CAPABILITY (A) 


Injon): ON-STATE DRAIN CURRENT (A) 


Ht eit eit 
TTT TST THT 


Zoya» NORMALIZED 
THERMAL RESPONSE 


H NOTES: 
| DUTY FACTOR: D = ty/ty 


PEAK Ty= Pom x ZouA + Ta 


10° 102 10° 10° 10! 10? 10° 
t, RECTANGULAR PULSE DURATION (s) 


FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE — 


-200 
FOR TEMPERATURES 


-100 6+ ABOVE +25°C DERATE PEAK | 
H+ CURRENT AS FOLLOWS: 


ili wal 
cht Ki 
. uncer SU WI | 


ISSR 1) 
Hill! TH SSRI 
TRANSCONDUCTANCE 1 A, 
MAY LIMIT CURRENT welll 
IN THIS REGION 


10° 104 103 10° 1071 10° 10! 
t, PULSE WIDTH (s) 


FIGURE 4. PEAK CURRENT CAPABILITY 


PULSE TEST 
PULSE DURATION = 2501s 
DUTY CYCLE = 0.5% MAX 


0.0 “1.5 -3.0 4.5 -6.0 7.5 
Vas, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RF1K49093 


Typical Performance Curves (continued) 


Ip =-250nA 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 


-80 -40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED DRAIN-SOURCE BREAKDOWN 
VOLTAGE vs JUNCTION TEMPERATURE 


PULSE DURATION = 250us, Vgs =-5V, Ip = -2.5A 


'ps(on), NORMALIZED ON RESISTANCE 


80 -40 0 40 80 120 160 
T;, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED rpsjon) vs JUNCTION 
TEMPERATURE 


Vop = -6V, Ip = -2.5A, R= 2.400 


SWITCHING TIME (ns) 


Regs, GATE-TO-SOURCE RESISTANCE (Q) 


FIGURE 11. SWITCHING TIME AS A FUNCTION OF GATE 
RESISTANCE 


Ves = Vos; !p = -250nA 
2.0 


1.5 


1.0 


0.5 


Vas(TH)» NORMALIZED GATE 
THRESHOLD VOLTAGE 


-80 -40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
JUNCTION TEMPERATURE 


PULSE DURATION = 250u8, Vpp = -10V 


'ps(on), ON-STATE RESISTANCE (m0) 


2.5 -3.0 3.5 4.0 -4.5 -5.0 
Ves, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 10. rpscony FOR VARYING CONDITIONS OF GATE 
VOLTAGE AND DRAIN CURRENT 


e 
o 
oO 
oO 


-12 
Vpp = BVpss 


-3.75 


-2.50 


0.75 BVpsgs 


Vps, DRAIN-SOURCE VOLTAGE (V) 
& 
Vgs, GATE-SOURCE VOLTAGE (V) 


0.50 BVpss 
: 0.25 BVpss ee 
R, = 3.84Q " 
IG(REF) = -0.5mA 
0 0.00 
29,4(REF) t, TIME (11s) 20,S(REF) 
lg (ACT) G (ACT) 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 
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SMALL OUTLINE 


PRODUCTS 


RF1K49093 


Typical Performance Curves (continued) 


Vas = OV, FREQUENCY (f) = 1MHz on 
: aes col 
g cc SANT STARTING T, = +25°C } 
wi = ee GS * 1 
9 y ~~ EPO TOON TTT 
z eg LE 
: 2 fsmanmnaT, =e [A NS 
: 2 [TP feranmar, =e 
< < ‘NY 
S : 
3 
0.1 1 10 100 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) tay TIME IN AVALANCHE (ms) 
FIGURE 13. TYPICAL CAPACITANCE vs VOLTAGE FIGURE 14. UNCLAMPED INDUCTIVE SWITCHING. REFER TO 
HARRIS APPLICATION NOTES AN9321 AND 
AN9322 


POWER DISSIPATION MULTIPLIER 


0 25 50 75 100 125 150 
T,, AMBIENT TEMPERATURE (°C) 


FIGURE 15. NORMALIZED POWER DISSIPATION vs TEMPERATURE DERATING CURVE 


Test Circuits and Waveforms 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


FIGURE 16. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 17. UNCLAMPED ENERGY WAVEFORMS 
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RF1K49093 


Test Circuits and Waveforms (continued) 


Ry 


FIGURE 18. RESISTIVE SWITCHING TEST CIRCUIT 


torr 
to(oFF) 
tr 


Vos 10% 


90% 
Ves 


50% 


PULSE WIDTH 


90% 


FIGURE 19. RESISTIVE SWITCHING WAVEFORMS 


Soldering Precautions 


The soldering process creates a considerable thermal stress 
on any semiconductor component. The melting temperature 
of solder is higher than the maximum rated temperature of 
the device. The amount of time the device is heated to a 
high temperature should be minimized to assure device reli- 
ability. Therefore, the following precautions should always 
be observed in order to minimize the thermal stress to which 
the devices are subjected. 


1. Always preheat the device. 


2. The delta temperature between the preheat and soldering 
should always be less than 100°C. Failure to preheat the 
device can result in excessive thermal stress which can 
damage the device. 


3. The maximum temperature gradient should be less than 
5°C per second when changing from preheating to sol- 
dering. 


7-41 


. The peak temperature in the soldering process should be 
at least 30°C higher than the melting point of the solder 
chosen. 


. The maximum soldering temperature and time must not 
exceed 260°C for 10 seconds on the leads and case of 
the device. 


. After soldering is complete, the device should be allowed 
to cool naturally for at least three minutes, as forced cool- 
ing will increase the temperature gradient and may result 
in latent failure due to mechanical stress. 


. During cooling, mechanical stress or shock should be 
avoided. 


SMALL OUTLINE 
PRODUCTS 


RF1K49093 


Temperature Compensated PSPICE Model for the RF1K49093 


SUBCKT RF1K49093 2 1 3; 


CA 12 8 8.75e-10 
CB 15 14 8.65e-10 
CIN 6 8 7.65e-10 


DBODY 5 7 DBDMOD 
DBREAK 7 11 DBKMOD 
DPLCAP 10 5 DPLCAPMOD 


EBREAK 5 11 17 18 -23.75 
EDS 14858 1 

EGS 138681 

ESG 610861 

EVTO 2068 18 1 


IT 817 1 


LDRAIN 2 5 1e-9 
LGATE 1 9 1.233e-9 
LSOURCE 3 7 0.452e-9 


MOS1 16 6 8 8 MOSMOD M = 0.99 


MOS2 16 21 8 8 MOSMOD M = 0.01 


RBREAK 17 18 RBKMOD 1 
RDRAIN 5 16 RDSMOD 7.36e-3 
RGATE 9 20 6.1 

RIN 6 8 1e9 

RSOURCE 8 7 RDSMOD 4.56e-2 
RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 
$1B 13 12 13 8 S1iBMOD 
S2A 6 15 14 13 S2AMOD 
$2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 216 -0.558 


rev 10/24/94 


10 


esa(@) 
+ 


EVTO 
GATE LGATE RGATE 
1 6 


1@ : 
9 20 \8 


S1A 


DPLCAP 5 LDRAIN 
D2 
DRAIN 
RDRAIN 
DBODY 
16 EBREAK 4) 
_VTO , 
ll oe MOS2 
MOS1 DBREAK 
CIN 
8 RSOURCE LSOURCE 
03 
SOURCE 
S2A 
RBREAK 
17 18 
RVTO 
Or Le 
— VBAT 


.MODEL DBDMOD D (IS = 3.0e-13 RS = 4.4e-2 TRS1 = 1.0e-3 TRS2 = -7.37e-6 CJO = 1.27e-9 TT = 2.2e-8) 
.MODEL DBKMOD D (RS = 7.84e-2 TRS1 = -4.27e-3 TRS2 = 5.77e-5) 
.MODEL DPLCAPMOD D (CJO = 2.85e-10 IS = 1e-30 N = 10) 
.MODEL MOSMOD PMOS (VTO = -2.1423 KP = 9.206 IS = 1e-30 N=10 TOX=1 L=1u W= 1u) 
.MODEL RBKMOD RES (TC1 = 9.61e-4 TC2 = -1.09e-6) 
.MODEL RDSMOD RES (TC1 = 2.10e-3 TC2 = 6.99e-6) 
.MODEL RVTOMOD RES (TC1 = -1.82e-3 TC2 = 1.47e-7) 
.MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 5.47 VOFF= 3.47) 
.MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 3.47 VOFF= 5.47) 
.MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VCN = 1.05 VOFF= -3.95) 
.MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -3.95 VOFF= 1.05) 


ENDS 


NOTE: 


1. For further discussion of the PSPICE model, consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options; IEEE Power Electronics Specialist Conference Records, 1991. 
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w HARRIS RF1K49156 


6.3A, 30V, Avalanche Rated, Logic Level, Single 


December 1995 N-Channel Enhancement-Mode Power MOSFET 
Features Packaging 
¢ 6.3A, 30V JEDEC MS-012AA, (SOP-8) 


e TDS(ON) = 0.030 


Temperature Compensating PSPICE Model aia eae 


e On-Resistance vs Gate Drive Voltage Curves ee 


e Peak Current vs Pulse Width Curve 


e UIS Rating Curve 


Description 


The RF1K49156 Single N-Channel power MOSFET is man- 

ufactured using an advanced MegaFET process. This pro- 

cess, which uses feature sizes approaching those of LS! 

integrated circuits, gives optimum utilization of silicon, 

resulting in outstanding performance. It was designed for 

use in applications such as switching regulators, switching 

converters, motor drivers, relay drivers, and low-voltage bus Symbol 
switches. This product achieves full-rated conduction at a | 

gate bias in the 3V - 5V range, thereby facilitating true on-off 

power control directly from logic level (5V) integrated cir- Nee 
cuits. 


> DRAIN (8) 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE | BRAND 
RF1K49156 MS-012AA RF1K49156 


NOTE: When ordering, use the entire part number. For ordering in 
tape and reel, add the suffix 96 to the part number, i.e., RF1K4915696. 


SOURCE (2) © 5 DRAIN (7) 


SOURCE (3) . > DRAIN (6) 


GATE (4) @ 9 DRAIN (5) 


Formerly developmental type TA49156. Ww 
5 0” 
= 
Eo 
52> 
Absolute Maximum Ratings T, = +25°C ; _ ra} 
RFiK49156 -—sSUINITS a 
Drdif- Source: VONAGE. 2h tec ot heer cadee ee Aue Saad pe eke oe ee eae Voss 30 V A 
Drain-Gate Voltage... 05. sce sees e eee es te ewenns Ge dea aU MaR ES aes VpGrR 30 | V 
Mate-SOUICE: VONAGS oc ong nd cae sya nando hit en's ae Maken Swata oaNtiee aie eater eas Ves +10 V 
Drain Current 
Continuous (Pulse wWiGth:= 18) 3.6.0. is.end Sh valad tunauiy ister eeeees Ye Sak eaws Ip 6.3 A 
PUISOG .2.is 5.5 Genie Aaa NSS Die be at beh ROS eA Eas meee Minh eee ard Sma Bee low Refer to Peak Current Curve 
Pulsed. Avalanche Rating sii s sete ca neeaed teeta eeesav eb ave ee et ee sa eee eg mees Eas Refer to UIS Curve 
Power Dissipation 
Ta = +25°C i ia caea ie Sg eo (ue Gila Ral arate) Sotas tsar cenne tO) oRisipib! © Se. Yet a vesiecis Nel a Eset EL eda Sebw ie) windaiat la walter eile: Meese lane) 658 en Se Pp 2 W 
DErate ADOV6 6250 C ma each at tala Ride ae Oh whee eae de Weed ne td oa eeentaca oes 0.016 WC 
Operating and Storage Temperature .... 0... ee ee eee eee Tstq: Ty -55 to +150 °C 
Soldering Temperature of Leads for 10S... 1... eee eee ene Th 260 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 4011 1 
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Specifications RF1K49156 


Electrical Specifications us = +25°C, Unless Otherwise Specified 


[renee [nwa] _vavooumrows [wm [wr [wat [ow 
a 
[eanrianenvem | vearw [veenvenwemme | + | | |v 
Zero Gate Voltage Drain Current Starve | = pt | wa 

(cna A BC 
ee 
[ovree 


Vop = 15V, Ip = 6.3A, 
R,, = 2.38Q, Ves = 5V, 
Regs = 252 


Turn-On Time 


g 


Tum-On Delay Time 
Rise Time 

Turn-Off Delay Time 
; Fall Time 


Turn-Off Time 


=] 


Total Gate Charge Qacron Ves = OV to 10V Noor = 24V, 
Gate Charge at 5V a Ves = OV to 5V 
Threshold Gate Charge Ves = OV to 1V 


Input Capacitance Vos = 25V, Ves = OV, 


f= 
Output Capacitance 


Reverse Transfer Capacitance | 


Thermal Resistance Junction-to-Ambient os Puise Width = 1s 
' Device Mounted on FR-4 Material 


Source-Drain Diode Ratings and Specifications 


PARAMETER SYMBOL "TEST CONDITIONS | MIN | TYP 
ive mf 
Reverse Recovery Time pte Isp = 6.3A, digp/dt = 100A/us fe | | 


S 


no) 
Tl 


1MHz 


Bo) 
Tl 


oS 
Tn 


N 
a 


: 


UNITS 
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RK1K49156 


Typical Performance Curves 


Ta = +25°C 


100 


10 


Ip, DRAIN CURRENT (A) 


0.1 
OPERATION IN THIS = 
AREA MAY BE ; : 
LIMITED BY rpsion) — Vpss MAX = 30V 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 1. SAFE OPERATING AREA CURVE 


Ip, DRAIN CURRENT (A) 


25 50 75 100 125 150 
T,, AMBIENT TEMPERATURE (°C) 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 


PULSE DURATION = 250s, T, = +25°C 


Ip, DRAIN CURRENT (A) 


Vos, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 
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EHH EE 
i ee 


Jc AT 


Zona, NORMALIZED 
THERMAL RESPONSE 
So 


ae = ‘ “att | 

| 

HAE DUTY FACTOR: D=t/t, | 

he zi SINGLE PULSE Aill| PEAK Ty = Pow X Zoya + Ta | 


10° 102 10° 10° 401 107 10° 
t, RECTANGULAR PULSE DURATION (s) 


FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 


Ta = +25°C 


mame ti moose! CURRENT AS FOLLOWS: 


RE. ett ey 
i] aT 


iim Sei 


harem cuenen 
MAY LIMIT CURRENT 


IN THIS REGION HHH 


‘ai a 


10°5 104 10°3 10°2 10°! 10! 
t, PULSE WIDTH (s) 


FIGURE 4. PEAK CURRENT CAPABILITY 


lpm, PEAK CURRENT CAPABILITY (A) 


Vop = 15V 


SMALL OUTLINE 
PRODUCTS 


Ip(on), ON-STATE DRAIN CURRENT (A) 


PULSE TEST 
PULSE DURATION = 2501s 
DUTY CYCLE = 0.5% MAX 


0.0 1.5 3.0 4.5 6.0 75 
Vgs, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 


RK1K49156 


Typical Performance Curves (continued) 


BVpss, NORMALIZED DRAIN-TO-SOURCE 


BREAKDOWN VOLTAGE 
> 


ah 
e 
an 


-40 0 40 80 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED DRAIN-SOURCE BREAKDOWN 


fpscony, NORMALIZED ON RESISTANCE 


2.0 


VOLTAGE vs JUNCTION TEMPERATURE 


PULSE DURATION = 2508, Vgg = SV, Ip =6.3A 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED rpgion) V8 JUNCTION TEMPERA- 


SWITCHING TIME (ns) 


TURE 


Vop = 15V, Ip = 6.3A, R= 2.380 


Res, GATE-TO-SOURCE RESISTANCE (Q) 


FIGURE 11. SWITCHING TIME AS A FUNCTION OF GATE RE- 


SISTANCE 


2.0 


Vescrt), NORMALIZED GATE 
THRESHOLD VOLTAGE 


Ves = Vps; Ip = 250A 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 


ros(on) ON-STATE RESISTANCE (mq) 


JUNCTION TEMPERATURE 


2.5 3.0 3.5 4.0 4.5 
Vag, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 10. tps;on) FOR VARYING CONDITIONS OF GATE 


-30 


. 


7.5 


Vps, DRAIN-SOURCE VOLTAGE (V) 
a 


VOLTAGE AND DRAIN CURRENT 


5.00 


PLATEAU VOLTAGES IN 
DESCENDING ORDER: 
Von = BVpss 
Vop = 0.75 BV, 
Vp = 0.50 BVpss 
Vpp = 0.25 BVpss 


7 
t, TIME (us) 89 {REF 


'G(ACT) 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO HARRIS 


APPLICATION NOTES AN7254 AND AN7260 


Vas» GATE-SOURCE VOLTAGE (V) 


RK1K49156 


Typical Performance Curves (continued) 


Vs = OV, FREQUENCY (f) = 1MHz 


oe FTTH TTT 


- ¢ Co CIC 
3 : Ns 
9 F 40 Ba, 
< Oo et E 
a Ww tt a : 
Saites 
< < | | ™ 
S =s { titi fT TiN 
< 
3 
1 
0.1 1 10 100 
Vos, DRAIN-TO-SOURCE VOLTAGE (V) tay, TIME IN AVALANCHE (ms) 
FIGURE 13. TYPICAL CAPACITANCE vs VOLTAGE FIGURE 14. UNCLAMPED INDUCTIVE SWITCHING. REFER TO 
HARRIS APPLICATION NOTES AN9321 AND 
AN9322 


POWER DISSIPATION MULTIPLIER 


0 25 50 75 100 125 150 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 15. NORMALIZED POWER DISSIPATION vs TEMPERATURE DERATING CURVE uw 
= 
@ s ar 9) 
Test Circuits and Waveforms E 5 
5 > 
416 
ao 
= a. 
Vps BVpss Te 


VARY tp TO OBTAIN 
REQUIRED PEAK Ig 


Vas 


ov 


FIGURE 16. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 17. UNCLAMPED ENERGY WAVEFORMS 
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Test Circuits and Waveforms (continued) 


ton | torr 
tp(on) tp(oFF) 
Vos 
90% 
10% 
90% 
Ves 50% 
PULSE WIDTH 
10% 
FIGURE 18. RESISTIVE SWITCHING TEST CIRCUIT FIGURE 19. RESISTIVE SWITCHING WAVEFORMS 


Soldering Precautions 


The soldering process creates a considerable thermal stress 4. The peak temperature in the soldering process should be 


on any semiconductor component. The melting temperature at least 30°C higher than the melting point of the solder 
of solder is higher than the maximum rated temperature of chosen. 

the device. The amount of time the device is heated to a 5 The maximum soldering temperature and time must not 
high temperature should be minimized to assure device reli- exceed 260°C for 10 seconds on the leads and case of 
ability. Therefore, the following precautions should always the device. 


be observed in order to minimize the thermal stress to which 


the devices are subjected. 6. After soldering is complete, the device should be allowed 


to cool naturally for at least three minutes, as forced cool- 


1. Always preheat the device. - ing will increase the temperature gradient and may result 
2. The delta temperature between the preheat and soldering in latent failure due to mechanical stress. 
should always be less than 100°C. Failure to preheat the § 7. During cooling, mechanical stress or shock should be 
device can result in excessive thermal stress which can avoided. 


damage the device. 


3. The maximum temperature gradient should be less than 
5°C per second when changing from preheating to sol- 
dering. 
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Temperature Compensated PSPICE Model for the RF1K49156 


SUBCKT RF1K49156 213: rev 2/7/95 


CB 15 14 2.810e-9 
CIN 6 8 1.925e-9 10 


DBODY 7 5 DBDMOD 


DBREAK 511 DBKMOD 
DPLCAP 10 5 DPLCAPMOD RDRAIN 
EBREAK 11 7 17 18 35.64 
EDS 1485 8 1 7 
EGS 13 8 6 8 1 ESG \ 3 16 
ESG 6 10 6 8 1 a VTO , 
EVTO 20 6 18 8 1 LGATE EVTO —i|1 
rae al 9 20+ (By. 6 ie 
IT 817 1 a A 
LDRAIN 2 5 1e-9 RLGATE RIN CIN 


LGATE 1 9 1.04e-9 8 
LSOURCE 3 7 2.37e-10 


MOS1 16 6 8 8 MOSMOD M=0.99 


S1A S2A 
MOS2 16 21 8 8 MOSMOD M=0.01 12 15 
3 
RBREAK 17 18 RBKMOD 1 S1B > S$2B 
RDRAIN 5 16 RDSMOD 2.43e-3 13 
RGATE 9 20 1.639 CA cB 
RIN 6 8 1e9 +} 14 


RLDRAIN 2 5 10 

RLGATE 1 9 10.4 

RLSOURCE 3 7 2.37 

RSOURCE 8 7 RDSMOD 15.8e-3 
RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 

S1B 13 12 13 8 SiBMOD 
S2A 6 15 14 13 S2AMOD 
S$2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 0.453 


.MODEL DBDMOD D (IS = 1.80e-12 RS = 1.50e-2 TRS1 = 3.70e-3 TRS2 = -2.23e-5 CJO = 2.63e-9 TT = 2.44e-8) 


.MODEL DBKMOD D (RS = 4.15e-1 TRS1 = 6.50e-3 TRS2 = -3.80e-5) 

MODEL DPLCAPMOD D (CJO = 5.25e-10 IS = 16-30 N = 10) 

.MODEL MOSMOD NMOS (VTO = 1.92 KP = 136 IS = 1e-30 N=10 TOX=1 L=1u W= 1u) 
.MODEL RBKMOD RES (TC1 = 9.25e-4 TC2 = 5.616e-7) 

.MODEL RDSMOD RES (TC1 = 3.62e-3 TC2 = 1.03¢@-5) 

.MODEL RVTOMOD RES (TC1 = -1.85e-3 TC2 = -6.00e-6) 

MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-4.55 VOFF= -2.55) 

MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-2.55 VOFF= -4.55) 

MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -1.25 VOFF= 3.75) 

MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =3.75 VOFF= -1.25) 


ENDS 


NOTE: 


LDRAIN 


DRAIN 
rm 
RLDRAIN 
DBREAK 


DBODY 


LSOURCE 


SOURCE 
wee 


RLSOURCE 
RBREAK 


RSOURCE 


17 


SMALL OUTLINE 
PRODUCTS 


1. For further discussion of the PSPICE model, consult A New PSPICE Sub-Circuit for the Power MOSFET Featuring Giobal 


Temperature Options; IEEE Power Electronics Specialist Conference Records, 1991. 
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Features — 

¢ 6.3A, 30V 

© Fps(on) = 0.0302 

¢ Temperature Compensating PSPICE Model 
¢ Peak Current vs Pulse Width Curve 

e UIS Rating Curve 


Description 


The RF1K49157 Single N-Channel power MOSFET is 
manufactured using an advanced MegaFET process. This 
process, which uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, 
resulting in outstanding performance. It was designed for 
use in applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and low-voltage bus 
switches. This device can be operated directly from 
integrated circuits. 


PACKAGING AVAILABILITY 


PART NUMBER PACKAGE | BRAND _ 
RF1K49157 MS-012AA RF1K49157 


NOTE: When ordering, use the entire part number. For ordering in 
tape and reel, add the suffix 96 to the part number, i.e. 
RF1K4915796. - 


Formerly developmental type TA49157. 


Absolute Maximum Ratings T, = +25°C 


Drain-Source Voltage... 6... ie cee eee eee eens 
Drain-Gale: VONEOC sis vcten ee eases ewe Bese lot dace 
Gate-Source Voltage ics 6 teres cts Seed Vale ease wee aoe 


Drain Current 


Continuous (Pulse width= 1s)........... 0.0.00 cece ee ee eee 
PUlSO Ge 5 cite oe Ce poco Giese ed as We a ee ES 


Pulsed Avalanche Rating. ............. cece eee eee ee eee 


Power Dissipation 


Ta = +25°C eb Gt iar ied a Roh Gea Woceica eee Vek Lente ie cca. Oh Se: wie 8 Hea HO ate ear Weieates Wane, ene, sate fe 
Derate above +25°C.. oo... ee ee eens Rae as 


Operating and Storage Temperature .............. 0... ee eee eee 
Soldering Temperature of Leads for 10s ...................008- 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
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RF1K49157 


6.3A, 30V, Avalanche Rated, Single 


N-Channel Enhancement-Mode Power MOSFET 


Package 


JEDEC MS-012AA (SOP-8) 
BRANDING DASH 


Wig 


5 
1 
2 
3 
4 
Symbol 
NC (1) DRAIN (8) 
SOURCE (2) DRAIN (7) 
SOURCE (3) DRAIN (6) 
GATE (4) DRAIN (5) 
RF1K49157 . UNITS 
pera IR cia Voss 30 | V 
re eee Vpar 30 V 
ee Ves +20 V 
Rey Ratt re Ip 6.3 A 
bed gare Cay lpm Refer to Peak Current Curve 
sia A aesttaci o8 Eas Refer to UIS Curve 
oie eect peiohes ten Pp 2 Ww 
iets Capito ian 0.016 W/°C 
Seats ate Tstq: Ty -55 to +150 a 
shaiti Dusters ears TL 260 | °C 


File Number 4012.2 


Specifications RF1K49157 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


[rannnerensTswioor [esreonomons [ww [ve [ wax [ore 
a 
| 
Zero Gate Voltage Drain Current 
al 


= = 


—_, 
° 
o 
= | 
> 


Gate-Source Leakage Current Ves = +20V 


On Resistance 'DS(ON) ID =6.3A Vas = 10V 
Vas = 4.5V 
Ri = 2.380, Veg = 10V, 


Res = 252 


Turn-On Delay Time 
Turn-Off Delay Time 


lo 
t 
lo 


Gi 
ro) 
a 
o 

re) 


N 
f = 1MHz 
es oe 


Reverse Transfer Capacitance Crss 


Thermal Resistance Junction-to-Ambient Roya Pulse width = 1s °CW 
Device mounted on FR-4 material 


Source-Drain Diode Ratings and Specifications 


PARAMETERS SYMBOL TEST CONDITIONS | min | Typ | MAX | UNITS 
Reverse Recovery Time Isp = 6.3A, dlgp/dt = 100A/us ee Se she de cee 


5) 
oo 
No 
aS 
D 
je = 
A?) > 


3 
.®) 


as 


>) 
ro) 
ja 
3 
.@) 


no) 


7 


- 
io) 


“i 

fo] 

Oo 
no] 
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Typical Performance Curves 


Ta = +25°C 

100 10 
=z 10 w 
B Wo 1 
ul N 
[oo al Y) 
va <w 
bm ] 1 =e 
oO 52 
2 23 
ra ae 0.1 
a) od 


0.1 — OPERATION IN THIS 


= — 
AREA MAY BE =e — =a" 1 
nor LL LITT I Voss max=20v) 35° on [LllPese Portas 


10° 102 10°? 10° 10! 10? 10° 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) | t, RECTANGULAR PULSE DURATION (s) | 
FIGURE 1. SAFE OPERATING AREA CURVE FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL | 
IMPEDANCE 
Ta = +25°C 
300 a 


Soi = SUT TT 


roo LNCS oe ecicrrma | DI 


tr 

wail Tih eT! in San Sei : 
ET ts TNS RMS CHT 
THERMAL IMPEDANCE [IIx |] Mi Retin rg 


MAY LIMIT CURRENT 


Il 
I 
vo Leases TACT 2 : 


IN ae neon 


FOR TEMPERATURES 
ABOVE +25°C DERATE PEAK 
CURRENT AS FOLLOWS: 


1 = log 150 - Ta | 
125 


Ip, DRAIN CURRENT (A) 


i a 


lbw, PEAK CURRENT CAPABILITY (A) 


1 


25 50 75 100 125 150 10°5 104 10° 102 io' == 10° o! 
T,, AMBIENT TEMPERATURE (°C) t, PULSE WIDTH (s) 
FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs FIGURE 4. PEAK CURRENT CAPABILITY 
TEMPERATURE 
PULSE DURATION = 250s, Ty = +25°C Vop = 15V 


50 
PULSE TEST 55°C +25°C 
PULSE DURATION = 250s sche 

; DUTY CYCLE = 0.5% MAX | 53 

0 


30 


20 


Ip, DRAIN CURRENT (A) 


10 


Ipcon): ON-STATE DRAIN CURRENT (A) 


0 
0.0 1.5 3.0 4.5 6.0 7.5 
Vps,; DRAIN-TO-SOURCE VOLTAGE (V) Ves, GATE-TO-SOURCE VOLTAGE (V) 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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Typical Performance Curves (Continued) 


Ip = 250uA 
2.0 


_ 
nm 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 
=] ah 
wn =) 


0.0 
-80 -40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED DRAIN-SOURCE BREAKDOWN 
VOLTAGE vs JUNCTION TEMPERATURE 


ye PULSE DURATION = 250us, Vgg = 10V, Ip =6.3A 


1.5 


1.0 


0.5 


rps(on): NORMALIZED ON RESISTANCE 


0.0 
-80 -40 0 40 80 120 160 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED rpsion) VS JUNCTION 
TEMPERATURE 


10.0 


Ig(REF) = 0.8MA 


PLATEAU VOLTAGES IN 
DESCENDING ORDER: 
Vop = BYpss 
Vpp = 0.75 BVpss 
Vpp = 0.50 BVpss 
Vpp = 0.25 BVpss 


Vps, DRAIN-SOURCE VOLTAGE (V) 
Vgs, GATE-SOURCE VOLTAGE (V) 


i 
t, TIME (us) a0 S(REF) 
G (ACT) 


FIGURE 11. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 


Ves = Vps; !p = 250nA 


2.0 


Vescrn NORMALIZED GATE 
THRESHOLD VOLTAGE 


-80 -40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
JUNCTION TEMPERATURE 


250 PULSE DURATION = 250us, Vpp = 15V 


200 


150 


100 


rps(ony ON-STATE RESISTANCE (mo) 


Vas, GATE-TO-SOURCE VOLTAGE (V) 
FIGURE 10. rps;on)y FOR VARYING CONDITIONS OF GATE 


VOLTAGE AND DRAIN CURRENT y 

= *) 

rl as 

Ves = OV, FREQUENCY (f) = 1MHz 5 © 

2500 ro) 2 

— Oo 

+ 

2000 = QO. 
~” 


=_ 
a 
o 
i=) 


C, CAPACITANCE (pF) 
° 
fo] 
© 


500 


0 5 10 15 20 25 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) 
FIGURE 12. TYPICAL CAPACITANCE vs VOLTAGE 
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Typical Performance Curves (continued) 


5°; T Tr 


aise 


Sn 0 
SSS St tt 


mw a a 11 a 

IS pe Et ETT 
meal SLT T 
CHU SS 


STARTING Ty = +150°C ni al 
1 TY 


0.1 1 10 100 
tay, TIME IN AVALANCHE (ms) 


las, AVALANCHE CURRENT (A) 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING. REFER TO 


HARRIS APPLICATION NOTES AN9321 AND 


AN9322 


Test Circuits and Example Waveforms 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


Ves 


OV 


FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT 


DUT 


FIGURE 17. RESISTIVE SWITCHING TEST CIRCUIT 
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POWER DISSIPATION MULTIPLIER 


0 25 50 75 100 125 
T,, AMBIENT TEMPERATURE (°C) 


FIGURE 14. NORMALIZED POWER DISSIPATION vs 


TEMPERATURE DERATING CURVE 


BVpss 


ton torr 


tp(on) tp(oFF) 


90% 


10% 


90% 


Ves 50% 


PULSE WIDTH 


10% 


FIGURE 18. RESISTIVE SWITCHING WAVEFORMS 
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Temperature Compensated PSPICE Model for the RF1K49157 


SUBCKT RF1K49157 213; 


CA 12 8 1.834e-9 
CB 15 14 1.72e-9 
CIN 6 8 1.416e-9 


DBODY 7 5 DBDMOD 
DBREAK 5 11 DBREAKMOD 
DPLCAP 10 5 DPLCAPMOD 


EBREAK 11 7 17 18 34.89 
EDS 14 


rev 3/14/95 


LDRAIN 
DPLCAP 5 DRAIN 


RLDRAIN 


a6 2) DBODY 


+ 


LGATE EZTEMPCO 


EVTHRESH 6 2119 8 1 9 20+ -| 6 
EZTEMPCO 20 6 18 22 1 a ROME S 
RLGATE 


IT 8 17 1 RIN 


LDRAIN 2 5 1.0e-9 
LGATE 1 9 1.04e-9 
LSOURCE 3 7 0.237e-9 SiA 2 , S2A 


MOS1 16 6 8 8 MSTRONG M=0.99 12 15 
MOS2 16 21 8 8 MWEAK M= 0.01 Lo —— 7 
RZTEMPCO 


RBREAK 17 18 RBREAKMOD 1 13 is 
RDRAIN 5 16 RDRAINMOD 4.39e-3 + +7 14 
RGATE 9 20 1.53 
RIN 6 8 1e9 . 
RLDRAIN 2 5 1.0 22 
RLGATE 1 9 10.4 RVTHRESH 
RLSOURCE 3 7 0.237 

RSOURCE 8 7 RSOURCEMOD 4.44e-3 

RTHRESH 22 8 RTHRESMOD 1 

RZTEMPCO 18 19 RZTEMPCOMOD 1 


S1A 6 12 13 8 S1AMOD 

S1B 13 12 13 8 SiBMOD 
S2A 6 15 14 13 S2AMOD 
S2B 13 15 14 13 S2BMOD 


VBAT 22 19 DC 1 


.MODEL DBDMOD D (IS = 1.14e-12 RS =6.01e-3 TRS1 = 1.05e-4 TRS2 = -2.46e-5 CJO = 2.62e-9 TT = 2.44e-8) 
.MODEL DBREAKMOD D (RS = 4.89e-1 TRS1 = 2.11e-3 TRS2 = -3.19e-6) 

.MODEL DPLCAPMOD D (CJO = 1.007e-9 IS = 1e-30 N = 10) 

.MODEL MSTRONG NMOS (VTO = 2.567 KP = 33.21 IS = 1e-30 N= 10 TOX=1 L=1u W= 1u) 
MODEL MWEAK NMOS (VTO=2.0225 KP = 33.21 IS =1e-30 N=10TOX= 1L= 1u W= 1u) 
-.MODEL RBREAKMOD RES (TC1 = 9.59e-4 TC2 = -2.87e-7) 

-MODEL RDRAINMOD RES (TC1 = 8.08e-3 TC2 = 1.6e-5) 

-.MODEL RSOURCEMOD RES (TC1=0 TC2=0) 

.MODEL RTHRESHMOD RES (TC1=-6.4e-4 TC2=-8.1e-6) 

MODEL RZTEMPCOMOD RES (TC1 = -2.43e-3 TC2 = 1.57e-6) 

-MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF =0.1 VON =-6.47 VOFF= -4.47) 

MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -4.47 VOFF= -6.47) 

-MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-3.3 VOFF= 1.7) 

MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 1.7 VOFF= -3.3) 


ENDS © 


NOTE: 


1. For further discussion of the PSPICE model, consult A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options; [EEE Power Electronics Specialist Conference Records, 1991. 
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Soldering Precautions 


The soldering process creates a considerable thermal stress 4. The peak temperature in the soldering process should be 


on any semiconductor component. The melting temperature at least 30°C higher than the melting point of the solder 
of solder is higher than the maximum rated temperature of chosen. 

the device. The amount of time the device is heated toa 5. The maximum soldering temperature and time must not 
high temperature should be minimized to assure device reli- exceed 260°C for 10 seconds on the leads and case of 
ability. Therefore, the following precautions should always the device. 


be observed in order to minimize the thermal stress to which 


the devices are subjected. 6. After soldering is complete, the device should be allowed 


to cool naturally for at least three minutes, as forced cool- 


1. Always preheat the device. | ing will increase the temperature gradient and may result 
2. The delta temperature between the preheat and soldering in latent failure due to mechanical stress. 
should always be less than 100°C. Failure to preheatthe | 7. During cooling, mechanical stress or shock should be 
device can result in excessive thermal stress which can avoided. 


damage the device. 


3. The maximum temperature gradient should be less than 
5°C per second when changing from preheating to 
soldering. 
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Quality and Reliability Assurance 


The ability to build and maintain the high levels of qual- 
ity and reliability today, depends on inherent design and 
process capability, and not the degree of test and inspection. 
Both the design and production facilities for Power MOS- 
FETs are totally new, with state-of-the-art equipment and 
process techniques which deliver this needed capability. 


In-Process Quality Control 


All critical phases of the highly automated power MOSFET 
manufacturing cycle have been characterized with respect to 
their intrinsic variability. Statistical limits have been estab- 
lished to give warning of abnormal process trends and fluc- 
tuations, based on this intrinsic capability. These limits are 
constantly tightened as the process improves and are well 
within the engineering specifications. The emphasis at 
Harris is to employ statistical methods at the point of control, 
rather than an inspection point at the end of a process. 


Control of Outgoing Product 


The quality control lot acceptance sampling of finished prod- 
uct is performed after manufacturing has performed 100% 
inspection of all specified electrical characteristics. The cur- 
rent sampling level is 0.1% AQL for electrical parameters, 
and is constantly being improved. However, due to tight 
parameter distributions gained through process control and 
inherent design capability, the average outgoing quality level 
(AOQ) to the customer has been in the order of 100 PPM 
(0.01%). 


Reliability Assurance 


Harris Semiconductor has a world-wide reliability program 
that helps to shape the direction of new product develop- 
ment, assures that the reliability level is maintained through- 
out, the production cycle, and develops specific models to 
pretict the reliability in the end-use application. In order to 
meet these objectives, a reliability facility is maintained at 
each manufacturing location for real-time feedback. A cen- 
tralized reliability engineering organization develops all new 
test methods and supports new product/process develop- 
ment. Each group is fully trained in the reliability and applied 
statistics disciplines, as well as failure analysis, and are 
responsible for using these techniques to monitor and 
improve product capability. 


The Reliability Program 


The reliability-assurance program operates at all stages of 
production, using the following four-pronged approach. 


Product Design and Development 


During early development, initial product lots are character- 
ized through accelerated reliability tests which establish the 
product capability. Once the design had been fine-tuned, 


multiple production runs are initiated and samples are sub- 
jected to a full range of standardized accelerated tests. All 
lots must meet pre-established reliability standards before 
any new design or process can be released for production. 


Wafer HTRB 


Harris Semiconductor has developed a totally unique in-line 
reliability test performed at the wafer level. Samples from 
each wafer lot receive a 24-hour +150°C bias life test to 
measure passivation integrity and surface cleanliness. 


Real Time Indicators (RTI) 


RTl’s are short-duration accelerated-stress tests used to 
control the occurrence of specific failure mechanisms that 
can significantly affect product reliability. The stress levels 
are designed to induce failures, so that product-capability 
shifts can be detected and corrected. They are performed 
weekly at each manufacturing location. In this real-time 
method of determining reliability, a continuous flow of data is 
provided to indicate how well the manufacturing process is 
performing product. 


TABLE 1. TYPICAL MOSFET RTI TESTS 
TYPICAL 
TEST DURATION 
Power PD = 4.75W 10 - 15K 
Cycling Ty = +35°C - 175°C Cycles 
(approx.) 
Power PD = 4.75W TO-3 20 - 50K 
Cycling Ty = +35°C - 175°C Cycles 
(approx.) 
D-S Bias | Ta = +150°C All 168 Hours 
| Life 80% of Drain 
Source 
G-S Bias G-S=16V All 168 Hours 
Life Ta = +150°C 


Requalification Program (RQP) 


Each product is requalified every six to twelve months to the 
same matrix of tests required for the initial production 
release. This operation measures the changes in the total 
capability of each MOSFET family to meet the original reli- 
ability design objectives. Table 2 is typical of the data gener- 
ated for ROP. | 
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TABLE 2. ACCELERATED POWER MOSFET TEST RELIABILITY SUMMARY 
CUM. HOURS % NON- 
TEST AND CONDITIONS DURATION OR CYCLES FUNCTIONAL 


All Bias Life 500 Hours 300,000 
Drain-Source = 80% of rated 
Ta = +150°C 
All Bias Life 500 Hours 270,000 
Gate-Source = 16V, T, = +150°C 
All Operating Life 500 Hours 230,000 
Ta = +150°C, Free Air 
TO-31 Thermal Cycling 400 Cycles 133,600 
TO-39 -65°C to +150°C 
TO-220 Thermal Shock 400 Cycles 100,000 
-65°C to +150°C 


TO-31 Power Cycling 20,000 Cycles 5,480K 0.73 
TO-39 Delta T; = +78°C 
PD = 56W (TO-3) or 2W (TO-39) 


TO-220 Power Cycling 10,000 Cycles 1,850K 
Delta Ty = +135°C, PD = 4.75W 


TO-220 Pressure Cooker 3,072 


FAILURE RATE IN %/1000 HOURS AT 60% UCL 


TEST Ta = +125°C T, = +90°C T, = +75°C 


Operating Life | 


NOTE: Failure rate based on nonfunctional performance in an operating mode, extrapolated from +150°C data using 
1.0eV activation energy. 
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Harris Power 


Advanced Power Package Construction Method 
Raises TO-252 Reliability To New Heights 


This technical backgrounder is intended to show how Harris 
redesigned the TO-252 surface-mount power package into 
the most reliable package of its type in the industry. 


Surface-Mount Packaging Introduction 


The continuing development of surface-mount technology 
(SMT) as a replacement for conventional through-hole 
* mounting of electronic components on single-sided printed 
circuit boards has led to a host of advantages for electronics 
equipment manufacturers. From an integrated circuit stand- 
point, SMT allows manufacturers to optimize packaging den- 
sity since ICs can be mounted on both sides of a board. 
SMT also offers thrifty and efficient use of material resources 
by permitting circuit boards to be smaller, closer component 
spacing, lower assembly costs and more compact and 
lighter system housings. Semiconductor companies have 
steadily promoted SMT growth by creating a variety of high- 
density, high lead-count ICs designed to be easily assem- 
bled onto the smaller footprints of SM circuit boards. 


Most circuit boards perform functions in addition to the signal 
processing and logic operations handled by ICs. To interface 
with and drive off-board components such as amplifiers, 
motors, printer hammers, relays and the like, requires power 
devices mounted on SM boards in close proximity to their 
signal sources. But SMT power devices are not as simple to 
use as their IC partners. Because of the reduced size of SM 
boards, the confined space alloted for the package and the 
greater dissipation of a power device, attention to thermal 
management and heat sinking take on greater significance. 


To squeeze a power device into the confined area 
demanded by SM boards, semiconductor manufacturers 
have developed the plastic TO-252 package, popularly 
known as the D-pak (see Figure 1). With its gull-wing leads 
and metal back designed to pull heat from the device inside, 
the TO-252 offers to designers a high-power SM package. 
Unlike the variety of IC packages that designers can choose 
among, the TO-252 has become the workhorse package for 
SM power MOSFETs and rectifiers. Since it is widely used 
and applied in applications in which device failure is more 
probable because of internal heat generation, it is vital that 
TO-252-packaged power devices meet the highest stan- 
dards for reliable operation. 


Copyright © Harris Corporation 1994 


FIGURE 1. TO-252 


While today’s TO-252-packaged power devices are manu- 
factured to meet extremely high reliability standards, that has 
not always been the case. In the recent past, all the leading 
power semiconductor suppliers of the TO-252 have been 
hampered by manufacturing problems that are rooted in the 
package’s size, materials and fabrication methods.These 
problems can be inadvertently passed on to users who don’t 
detect them until after the devices have been assembled into 
boards. 3 


Like its competitors, Harris Semiconductor has experienced 
problems with the package. When unexplained problems 
arose on customer production lines, the company launched 
an exhaustive year-long investigation into the TO-252 that 
encompassed every detail of its manufacturing process, 
materials, fabrication, process control and testing. The result 
of this comprehensive effort, undertaken with the assistance 
of a number of customers who produce computer, automo- 
tive and cellular telephone products, is a vastly improved 
method for building and testing TO-252-packaged power 
devices. Extensive monitoring and testing of tens of thou- 
sands of production line devices reveal that the redesigned 
TO-252 is a robust power package capable of surviving 
extremely demanding thermal environments during assem- 
bly onto boards and under operating conditions. 


Since no process is ever perfect, Harris Semiconductor 
offers this report to power designers and production person- 
nel to increase awareness of problems that may occur using 
plastic, surface-mount power devices. By understanding the 
structural foundation of the package and the improvements 
incorporated in the Harris manufacturing process, users can 
have increased confidence that the company’s TO-252 
power devices will provide unmatched service and reliability 
in any application and environment for which the devices are 
intended. 
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The TO-252 Problem 


When a TO-252-packaged power device fails after it has 
been assembled into a SM circuit board, the most likely con- 
clusion that a user might draw is that the semiconductor die 
has cracked from thermal stresses induced by their solder- 
ing process. However, research indicates that the die was 
likely damaged during the manufacturing process and that 
the thermal shock of soldering only exacerbates the prob- 
lem. There is no evidence to conclude that a user’s mounting 
or assembly methods are the root of the problem. Die crack- 
ing is a generic problem in the TO-252 and can affect any 
manufacturer. The smaller the semiconductor die (its physi- 
cal dimensions) the less likely it is to crack. 


The root cause of die cracking stems from the materials and 
physical configuration of the TO-252 and the size of the die 
put into the package. In the manufacturing process, the die is 
attached to the header by a thin layer of solder (see Figure 
2). The solder serves to reduce the thermal coefficient of 
expansion mismatch between the silicon die and the copper 
header. 


SOLDER 


SOLDER 


HEADER 


FIGURE 2. 


The next step is to put an epoxy encapsulation over the die 
and header to form the package’s molded outer shell (Figure 
2). The shrinking of the mold epoxy compound forces the 
header to deflect, but in the opposite direction from the die 
attach process (concave on the top, convex on the bottom). 
This type of stress puts tension on the bottom of the die 
which can lead to cracking because the die is not as resis- 
tant to stress in this direction. Deflection of the header is 
more pronounced under epoxy curing than during die attach, 
resulting in greater forces on the die. 


Slight cracks in the die may result from the shrinking mold 
compound but they usually do not result in electrical failure 
of the device. It is the thermal shock of wave soldering dur- 
ing board assembly that forces the cracks to open wider and 
lead to eventual failure. 


The TO-252 Solution 


After identifying the primary cause of failed devices, engi- 


neers at Harris initiated an extensive program to redesign 


the TO-252 by changing materials and increasing the 
strength of mechanical components. This involved experi- 
mentation with different components supported by a sophis- 
ticated computer-aided design technique called Finite 
Element Analysis (FEA). | 


Initial analysis showed that the standard 20-mil thick header 


could bow by 1- to 2-mils during epoxy curing. This bowing 


puts excessive tension on the backside of the die, making it 
more susceptible to cracking. After many experiments, it 
became clear that the amount of deflection with a 20-mil 
header could not be compensated for with solder thickness, 
assembly methods or low-stress epoxies. Through FEA, it 
was determined that increasing the header thickness to 
35-mils would eliminate most of the deflection. To achieve a 
35-mil thickness without retooling all the mount and mold 
equipment, it was decided to use a pedestal of 35-mils under 
the die. 


FEA is an extremely valuable tool that permits the modeling 
of a device's critical package elements, materials, headers, 
overcoat material, oxides and others. It provides solutions 
for reducing stress at dissimilar material junctions, thus, min- 
imizing device failure. The real benefit of FEA is its ability to 
simulate complex packaging relationships in a fast and 
accurate way. The stress models produced by FEA can be 
generated faster and at lower cost than by actually con- 
structing and modifying physical models. FEA models point 
the way to the most favorable solutions which can then be 
implemented with actual materials. 


FEA also came into play to help determine the best epoxy 
compound to use. The epoxy is probably the most critical 
element in the problem of cracked die because its curing 
generates the forces that cause the header to bow. And the 
bowing of the header produces the tension that cracks the 
die. To solve the problem, engineers selected an improved 
epoxy which balances stress vs. power cycling reliability. 
They then tested the new compound with the largest die that 
fit in the TO-252 to ensure that no cracking occurred. 


At this point, the critical elements for solving the problem had 
fallen into place: increase the header thickness to 35 mils, 
go to an improved epoxy to reduce tension on the die and 
improve the process control over the thickness of the solder 
between the die and header. One other change in the manu- 
facturing process was made to prevent any unnecessary 
shock to the die when the completed package is separated 
from the strip that holds a whole run of devices together. The 
conventional way to separate devices is called frame shear, 
a mechanical method that shears the strip away and can 
transfer forces from the package’s heatsink to the die, possi- 
bly leading to cracking. In place of frame shear, Harris 
employs a less stressful method of device separation. In this 
technique, a shallow groove (10 mils deep) is cut into the 
heatsink portion of the package to reduce the force on the 
header and die when separating the package from the strip. 


8-6 


Tech Brief 304 


After hundreds of thousands of devices were fabricated with 
the new process, Harris engineers pulled tens of thousands 
off the line and subjected them to a grueling reliability test. 
The test is called solder shock and requires that the devices 
be fully immersed in a liquid solder bath at a temperature of 
260°C for 10 seconds. Solder shock closely simulates the 
conditions that the package is subjected to when a user 
wave solders the part into a SM circuit board. The thermal 
shock of the solder bath is intended to increase the stress on 
the header and cause sufficient movement to make any 
existing crack wider detectable via electrical testing. 


Harris has run solder shock tests on over 24,000 TO-252- 
packaged devices during the past year and no device has 
ever failed. Over 15,000 devices were chemically decapsu- 
lated and correlated to solder shock results. No die cracks 
were ever found when examined under high-power magnifi- 
cation. In addition, the company has sold more than 4.7 mil- 
lion devices without having any reports or returns due to a 
cracked die. This record of reliability is unmatched by any 
other manufacturer of TO-252-packaged power semiconduc- 
tors and should give users confidence that the company 
offers the manufacturing and engineering capabilities to pro- 
duce the highest quality products for today’s complex elec- 
tronic systems. 
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ORDERING INFORMATION 


To order any part in this databook, use the full part number on the data sheet. 
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PACKAGING AND 
ORDERING INFO. 


Package Outlines 


Hermetic Metal Packages 


A TO-254AA 
A | 3 LEAD JEDEC TO-254AA HERMETIC METAL PACKAGE 
4 


Tae] 


20.32 
0.065 R MAX. 
me 355 


L Zb 
r NOTES: 
; 1. These dimensions are within allowable dimensions of Rev. A of 
e | JEDEC outline TO-254AA dated 11-86. 


2. Add typically 0.002 inches (0.05mm) for solder coating. 
3. Lead dimension (without solder). 


4. Position of lead to be measured 0.250 inches (6.35mm) from bot- 
tom of dimension D. 


5. Die to base BeO isolated, terminals to case ceramic isolated. 
. Controlling dimension: Inch. 
7. Revision 1 dated 1-93. 
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Package Outlines 


Plastic Packages 


—— 


<4 0:0. 0:0. 0:0: 0:0. 0% 
TT K = BOOooooy_L T 


a 0.004 IN 


0.155 06 
CL} = 4.0 . { 
| 0.275. | 
7.0 
MINIMUM RECOMMENDED FOOTPRINT FOR 
SURFACE-MOUNTED APPLICATIONS 


MS-012AA 
8 LEAD JEDEC MS-012AA SMALL OUTLINE PLASTIC PACKAGE 


SYMBOL 


a 


a 
ee 
cee Ke 
Pe [oon 
ao 
| 
pana 
Es 


0.0688 
0.0098 


0.0098 


ad 
©) 
a 


0.1574 | 
SL 
anne | corse | os [oso | 
PI CO BL 


1. All dimensions are within allowable dimensions of Rev. C of 
JEDEC MS-012AA outline dated 5-90. — 

2. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusions or gate burrs shall not exceed 
0.006 inches (0.15mm) per side. 

3. Dimension “E,” does not include inter-lead flash or protrusions. 
inter-lead flash and protrusions shall not exceed 0.010 inches 
(0.25mm) per side. 

4. “L’ is the length of terminal for soldering. 

5. The chamfer on the body is optional. If itis not present, a visual index 
feature must be located within the crosshatched area. 

6. Controlling dimension: Millimeter. 

7. Revision 4 dated 9-6-95. 
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Package Outlines 


Plastic Packages 
MS-012AA 
12mm TAPE AND REEL 

40mm MIN. 
ACCESS HOLE 

| -e 18.4mm 

13mm 
e 330mm + | 50mm 
| |< 12.4mm 


GENERAL INFORMATION 

1. USE "96" SUFFIX ON PART NUMBER. 

2. 2500 PIECES PER REEL. 

3. ORDER IN MULTIPLES OF FULL REELS ONLY. 

4. MEETS EIA-481 REVISION "A" SPECIFICATIONS. 


USER DIRECTION OF FEED 


3 COVER TAPE 


~ oe 
> 
y 
2 
2 
- 
| 


Revision 4 dated 9-95 
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ORDERING INFO. 


Package Outlines 


Plastic Packages 


4 TO-220AB 
a a 3 LEAD JEDEC TO-220AB PLASTIC PACKAGE 
Ay 


OTES 


TERM. 4 


oO 
N 


0.77 
1.15 


0.86 
1.39 
0.48 
15.49 


Cc 0.014 0.019 


0.76 


3580] 
3780 


ron) 

eS 

oO 
ad 
Cee 
@ 
ro) 


13.47 13.97 
3.81 
3.88 
2.84 


5,97 
1. These dimensions are within allowable dimensions of Rev. J of 
JEDEC TO-220AB outline dated 3-24-87. 
2. Lead dimension and finish uncontrolled in L,. 
3. Lead dimension (without solder). 
4 
5 


. Add typically 0.002 inches (0.05mm) for solder coating. 


. Position of lead to be measured 0.250 inches (6.35mm) from bot- 
tom of dimension D. 


6. Position of lead to be measured 0.100 inches (2.54mm) from bot- 
tom of dimension D. ; 


7. Controlling dimension: Inch. 
8. Revision 1 dated 1-93. 
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Package Outlines 


Plastic Packages 


; TO-220AB (ALTERNATE VERSION) 
= a 3 LEAD JEDEC TO-220AB PLASTIC PACKAGE 
Ay 


[INCHES WILLIMETERS 
le ence [Fatman 
Ss BL 
es ee 
a a 
ee A 
es ee 
ee Xe 
fee | 2.54 TYP 
| ey | 5.08 BSC 
sal 
| Pp 
Pee 
NOTES 


1. These dimensions are within allowable dimensions of Rev. J of 
JEDEC TO-220AB outline dated 3-24-87. 


2. Dimension (without solder). 

3. Solder finish uncontrolled in this area. 

4. Add typically 0.002 inches (0.05mm) for solder plating. 
5 


. Position of lead to be measured 0.250 inches (6.35mm) from bot- 
tom of dimension D. 


6. Position of lead to be measured 0.100 inches (2.54mm) from bot- 
tom of dimension D. 


7. Controlling dimension: Inch. 
8. Revision 2 dated 10-95. 
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Plastic Packages 
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4IFE ° 


pe 


3 
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Package Outlines 


TERM. 4 
OP 


Th 

iH | 
I 

2 1 


BACK VIEW 


TO-247 | 
3 LEAD JEDEC STYLE TO-247 PLASTIC PACKAGE 


INCHES MILLIMETERS 
NOTES 


0.180 0.190 4.58 4.82 a 
i nae. 0.046 0.051 1.17 1.29 | 2,3 | 
| by ff (0.060 | 0.070 Ff 1.53 cae Gece 
0.095 0.105 2.42 2.66 tee 
0.020 0.026 0.51 
oo ee 0.800 0.820 | 20.32 20.82 
le steel 


oy) 
< 
= 
Oo 
Oo 
rm 


1,2,3 


0.605 0.625 § 15.37 15.87 


| Lf 0.620 | 0.640 | 15.75 16.25 


6.61 6.85 


m 


2,3 

1,2 

1,2 
ee 
pas 
—- 
Ly 
id 
za 
ears 
el 


NOTES: 
1. Lead dimension and finish uncontrolled in Lj. 
2. Lead dimension (without solder). 
3. Add typically 0.002 inches (0.05mm) for solder coating. 
4 


. Position of lead to be measured 0.250 inches (6.35mm) from bottom 
of dimension D. 


5. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of dimension D. 


6. Controlling dimension: Inch. 
7. Revision 1 dated 1-93. 
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Package Outlines 


Plastic Packages 


E A TO-251AA 
: 3 LEAD JEDEC TO-251AA PLASTIC PACKAGE 
if oe [__WeHES | WILLIMETERS 
TERM. 4 
PLANE 0.094 


0.040 
0.215 


0.84 
5.21 


oO 


. 


Sr CS 
y 

ae 
: 


1. These dimensions are within allowable dimensions of Rev. C of 
JEDEC TO-251AA outline dated 9-88. 


2. Solder finish uncontrolled in this area. 
3. Dimension (without solder). 
4 
5 


>| Jy 
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ae 
ae! 
Pena 
wae 
pees 
ents 


z 
AA 
+ 
m 
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. Add typically 0.002 inches (0.05mm) for solder plating. 


. Position of lead to be measured 0.250 inches (6.35mm) from bot- 
tom of dimension D. 


6. Position of lead to be measured 0.100 inches (2.54mm) from bot- 
tom of dimension D. 


7. Controlling dimension: Inch. 
8. Revision 2 dated 10-95. 
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Package Outlines 


Plastic Packages 


Ay 


SEATING 
PLANE 


Th 


0.265 (6.7) 
0.070 (1.8) 
0.118 (3.0) 
BACK VIEW 
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MINIMUM PAD SIZE RECOMMENDED FOR 
SURFACE-MOUNTED APPLICATIONS 
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TO-252AA 
SURFACE MOUNT JEDEC TO-252AA PLASTIC PACKAGE 


MILLIMETERS 


0.094 
0.022 
0.032 
0.040 
0.215 


2.19 
0.46 
0.72 
0.84 
5.21 
4.83 


0.028 
0.033 
0.205 


0.022 
0.270 0.290 
0.250 0.265 
0.090 TYP 
0.180 BSC 
0.045 
0.045 


6.86 7.36 
6.35 6.73 
2.28 TYP 
4.57 BSC 
0.89 1.14 
1.02 
2.54 
0.51 
0.64 


2.92 


. These dimensions are within allowable dimensions of Rev. B of 


JEDEC TO-252AA outline dated 9-88. 


. Lg and bg dimensions establish a minimum mounting surface for 


terminal 4. 


. Solder finish uncontrolled in this area. 

. Dimension (without solder). 

. Add typically 0.002 inches (0.05mm) for solder plating. 

. Ly is the terminal length for soldering. 

. Position of lead to be measured 0.090 inches (2.28mm) from bottom 


of dimension D. 


. Controlling dimension: Inch. 
. Revision 5 dated 10-95. 


Package Outlines 


Plastic Packages 


TO-252AA 
16mm TAPE AND REEL 
>| |< 22.4mm 
1.5mm 
DIA. HOLE 1.75mm 
1 

Vi a i eee eee e es 7 6 
CY 330mm ae 50mm témm > : ? 

>| |< 16.4mm GENERAL INFORMATION 


1. USE "9A" SUFFIX ON PART NUMBER. 

2. 2500 PIECES PER REEL. 

3. ORDER IN MULTIPLES OF FULL REELS ONLY. 

4. MEETS EIA-481 REVISION "A" SPECIFICATIONS. 


USER DIRECTION OF FEED 


Revision 5 dated 10-95 
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Package Outlines 


Plastic Packages 


F TO-262AA 
7 3 LEAD JEDEC TO-262AA PLASTIC PACKAGE 
—e— Ay 


SYMBOL 
TERM. 4 


aot 


0.170 
0.048 


2 ae 


0.018 
0.405 


ze 
ae 
os 
oe 
ae 
Le! 


1 3 
be die sale ee. 
je Cy 
NOTES: 


1. These dimensions are within allowable dimensions of Rev. A of 
JEDEC TO-262AA outline dated 6-90. 


2. Solder finish uncontrolled in this area. 

3. Dimension (without solder). 

4. Add typically 0.002 inches (0.05mm) for solder plating. 
5 


. Position of lead to be measured 0.250 inches (6.35mm) from bottom 
of dimension D. 


6. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of dimension D. 


7. Controlling dimension: Inch. 
8. Revision 4 dated 10-95. 
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Package Outlines 


Plastic Packages 


TERM. 4 
| £ Ly 
b | ||~- Es my 
dal c 
<< 6, > 7! Jy 
-450 
(11.43) 7 


| 
150 
080(2.03) >| |~- .080(2.03) 


,062(1.58) 
.062(1.58) 


MINIMUM PAD SIZE RECOMMENDED FOR 
SURFACE-MOUNTED APPLICATIONS 


TO-263AB 
SURFACE MOUNT JEDEC TO-263AB PLASTIC PACKAGE 


MILLIMETERS 


| MIN | 
0.170 4.57 


te [2080 [ore far [3 


1. These dimensions are within allowable dimensions of Rev. C of 
JEDEC TO-263AB outline dated 2-92. 


2. L3 and bs dimensions established a minimum mounting surface 
for terminal 4. 


. Solder finish uncontrolled in this area. 

. Dimension (without solder). 

. Add typically 0.002 inches (0.05mm) for solder plating. 
. Ly is the terminal length for soldering. 


. Position of lead to be measured 0.120 inches (3.05mm) from bottom 
of dimension D. 


8. Controlling dimension: Inch. 
9. Revision 7 dated 10-95. 


NOOO BB WD 


zo 
52 
20 
os 
qc & 
Ww 
OF 
ae) 


Package Outlines 


Plastic Packages 


TO-263AB 
24mm TAPE AND REEL 
40mm MIN. 
ACCESS HOLE 
=| [~ 90.4mm DIA’ HOLE 1.75mm 


3 th —Fe 
GENERAL INFORMATION 
1. USE "9A" SUFFIX ON PART NUMBER. 
2. 800 PIECES PER REEL. 


3. ORDER IN MULTIPLES OF FULL REELS ONLY. 
4. MEETS EIA-481 REVISION "A" SPECIFICATIONS. 


14 ==>: 
7a 
13mm 
e 24mm ( - 
330mm 100mm 


| Le 24.4mm 


USER DIRECTION OF FEED 


Revision 7 dated 10-95 
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HOW TO USE HARRIS AnswerFAX 


What is AnswerFAX? 


AnswerFAX is Harris’ automated fax response system. It gives you on-demand access to a full 
library of the latest data sheets, application notes, and other information on Harris products. 


What do I need to use AnswerFAX? 
Just a fax machine and a touch-tone phone. You can access it 24 hours a day, 7 days a week. 


How does it work? 


You call the AnswerFAX number, touch-tone your way through a series of recorded questions, enter 
the order numbers of the documents you want, and give AnswerFAX a fax number to send them to. 
You'll have the information you need in minutes. The chart on the next page shows you how. 


How do | find out the order number for the publications | want? 


The first time you call AnswerFAX, you should order one or more on-line catalogs of product line 
information. There are nine catalogs: 


¢ New Products e Digital Signal Processing (DSP) Products =» Rad Hard Products 
e Linear/Telecom Products ¢ Discrete & Intelligent Power Products e CMOS Logic Products 
¢« Data Acquisition Products ¢ Microprocessor Products e Application Notes 


Once they’re faxed to you, you can call back and order the publications themselves by number. 
eeo 
How do | start? 
Dial 407-724-7800. That's it. 


a SEMICONDUCTOR 


Be Seas Se 


Please refer to next page for a map to AnswerFAX. 
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HARRIS 
ANSWERFAX 


c-Ol 


Your Map to Harris AnswerFAX 


A complete AnswerFAX catalog listing is available, 
please call 1-800-442-7747 and request document BR-057 (84 pages) 


ENTER 
YOUR CORRECT 
FAX NUMBER 

AND CONFIRM 


RE-ENTER YOUR 
FAX NUMBER 


ENTER A MORE 
DOCUMENT 
NUMBER 


DONE [#) 
(UP TO THREE) 


VOICE 
OR PHONE | 
NUMBER 


WELCOME TO 
AnswerFAXx! 


GET HELP 


DESCRIPTION OF 
AnswerFAX 


NEW PRODUCTS 


LINEAR AND TELECOM 
PRODUCTS 


ENTER YOUR NAME 


[| GET HELP 


SEE QUICK 
REFERENCE GUIDE 
FOR SPECIAL 
CHARACTERS 


DATA ACQUISITION 
PRODUCTS 


ENTER 
YOUR 
VOICE 
PHONE 
NUMBER 


DIGITAL SIGNAL 
PROCESSING 


DISCRETE AND 


(ORDER 


SPECIAL CHARACTERS INTELLIGENT UP TO AT LEFT 
POWER PRODUCTS THREE OF PAGE 
MICROPROCESSOR CATALOGS) 


ENTERS “Q” 


+ 


PRODUCTS 


DONE 


CONFIRM 


RADIATION HARDENED 


pl aia a PRODUCTS 


CMOS LOGIC 
PRODUCTS 


+ 


ENTERS “&” 


ciel! 


BLANK SPACE APPLICATION 


NOTES 


SOMETHING 
ELSE 


BACK-UP ONE 


CHARACTER CHOOSE A CATALOG 


HELP 


o 
og 
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_ AnswerFAXS" is a Service Mark of Harris Corporation 1995 


eHARRIS Harris AnswerFAX Data Book Request Form - Document #199 
SEMICONDUCTOR Data Books Available Now 


PUB. 
i NUMBER DATA BOOK/DESCRIPTION 


| | 7004 |Complete Set of Commercial HarrisDataBooks  eeeesesesesesi—i‘<iCOsss Set of Commercial Harris Data Books 
— 7005 Bs Set of Commercial and Military Harris Data Books 


DB223B POWER MOSFETs (1994: 1,328pp) This data book contains detailed technical information including standard power 
MOSFETs (the popular RF-series types, the IRF-series of industry replacement types, and JEDEC types), MegaFETs, logic- 
level power MOSFETs (L2FETs), ruggedized power MOSFETs, advanced discrete, high-reliability and radiation-hardened 
power MOSFETs. 

ul 6 POWER MOSFET DATABOOK SUPPLEMENT (1996: 380pp) This databook contains the datasheets of recently introduced 
products and also updates some of the datasheets in the POWER MOSFET DATABOOK DB223B. These datasheets 
pe Towa the detailed specification for these products. 


tae RADIATION HARDENED (1993: 2,232pp) Harris technologies used include dielectric isolation (Dl), Silicon-on-Sapphire 
(SOS), and Silicon-on-Insulator (SOI). The Harris radiation-hardened products include the CD4000, HCS/HCTS and ACS/ 
ACTS logic families, SRAMs, PROMs, op amps, analog multiplexers, the 80C85/80C86 microprocessor family, analog 
switches, gate arrays, standard cells and custom devices. 


DB260.2 CDP6805 CMOS MICROCONTROLLERS & PERIPHERALS (1995: 436pp) This data book represents the full line of Harris 
Semiconductor CDP6805 products for commercial applications and supersedes previously published CDP6805 data books 


under the Harris, GE, RCA or Intersil names. 

DATA ACQUISITION (1994: 1,104pp) Product specifications on A/D converters (display, integrating, successive 
approximation, flash); D/A converters, switches, multiplexers, and other products. 
DIGITAL SIGNAL PROCESSING (1994: 528pp) Product specifications on one-dimensional and two-dimensional filters, 
signal synthesizers, multipliers, special function devices (such as address sequencers, binary correlators, histogrammer). 


MICROPROCESSOR PRODUCTS (1992: 1,156pp) For commercial and military applications. Product specifications on 
CMOS microprocessors, peripherals, data communications, and memory ICs. 


DB304.1 INTELLIGENT POWER ICs (1994: 946pp) This data book includes a complete set of data sheets for product specifications, 
application notes with design details for specific applications of Harris products, and a description of the Harris quality and 
high reliability program. 


DB309.1 MCTAGBT/DIODES (1995: 706pp) This MCT/IGBT/Diodes Databook represents the full line of these products made by 
Harris Semiconductor Discrete Power Products for commercial applications. 


DB314 SIGNAL PROCESSING NEW RELEASES (1995: 690pp) This data book represents the newest products made by Harris 
Semiconductor Data Acquisition Products, Linear Products, Telecom Products and Digital Signal Processing Products for 
commercial applications. 

Pe CROSS-REFERENCE GUIDE (1996: 612pp) This guide contains the listing of semiconductor products that are second- 


ens Slee by Harris Semiconductor. 


| 4 TRANSIENT VOLTAGE SUPPRESSION DEVICES (1995: 400pp) Product specifications of Harris varistors and surgectors. 
Also, general informational chapters such as: “Voltage Transients - An Overview,” “Transient Suppression - Devices and 


Principles,” “Suppression - Automotive Transients.” 
- DB500B LINEAR AND TELECOM ICs (1993: 1,312pp) Product specifications for: op amps, comparators, S/H amps, differential 


Telecommunications circuits. 
~ |DB312 
Hardened products, please refer to the 1993 Harris Radiation Hardened Product Data Book (document #DB235B) 


ANALOG MILITARY DATA BOOK SUPPLEMENT (1994: 432pp) The 1994 Military Data Book Supplement, combined with 
3 PSG201.23 | PRODUCT SELECTION GUIDE (1996: 840pp) Key product information on all Harris Semiconductor devices. Sectioned 


amps, arrays, special analog circuits, telecom ICs, and power processing circuits. 
the 1989 Analog Military Product Data Book, contain detailed technical information on the extensive line of Harris 
Semiconductor Linear and Data Acquisition products for Military (MIL-STD-883, DESC SMD and JAN) applications and 
(Linear, Data Acquisition, Digital Signal Processing, Telecom, Intelligent Power, Discrete Power, Digital Microprocessors and 
Hi-Rel/Military and Rad Hard) for easy use and includes cross references and alphanumeric part number index. 


Analog ANALOG MILITARY (1989: 1,264pp) This data book describes Harris’ military line of Linear, Data Acquisition, and | 
Military 
supersedes all previously published Linear and Data Acquisition Military data books. For applications requiring Radiation 
$G103 CMOS LOGIC SELECTION GUIDE (1994: 288pp) This product selection guide contains technical information on Harris 
Semiconductor High Speed 54/74 CMOS Logic Integrated Circuits for commercial, industrial and military applications. It 


covers Harris’ High Speed CMOS Logic HC/HCT Series, AC/ACT Series, BiCMOS Interface Logic FCT Series and CMOS 
Logic CD4000B Series. 


a BR-057.1 AnswerFAX CATALOG (Fall 1995: 84pp) A Complete AnswerFAX Catalog listing. 


NAME: PHONE: 
MAIL STOP: FAX: 
COMPANY: 

ADDRESS: 


LITERATURE REQUESTS SHOULD BE DIRECTED TO: HARRIS FULFILLMENT FAX #: 610-265-2520 
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HARRIS > | AnswerFAX Technical Support 
a SEMICON US Power MOSFETs 


APPLICATION NOTE LISTING 


AnswerFAX 3 
DOCUMENT APPLICATION 


NUMBER NOTE 


97244 (General Understanding Power MOSFETs (4 pages) AN7244.2 
| MOSFETs) 
AN7244 
97254 (General Switching Waveforms Of The L2FET: A 5 Volt Gate-Drive Power MOSFET (8 pages) AN7254.2 
MOSFETs) 
; AN7254 . | 
97260 (General Power MOSFET Switching Waveforms: A New Insight (7 pages) AN7260.2 | 
MOSFETs) | 
AN7260 
97332 | (General The Application Of Conductivity-Modulated Field-Effect Transistors (5 pages) AN7332.1 
. MOSFETs) 
AN7332 
98610 (General Spicing-Up Spice |! Software for Power MOSFET Modeling (8 pages) 
MOSFETs) 
| AN8610 
99209 (General A Spice-2 Subcircuit Representation for Power MOSFETs, Using Empirical Methods (4 pages) 
_ MOSFETs) 
AN9209 | 
99210 (General A New PSpice Subcircuit for the Power MOSFET Featuring Global Temperature Options (12 pages) 
MOSFETs) | 
AN9210 , 
99320 (General MOSFETs | Parallel Operation Of Semiconductor Switches (4 pages) AN9320 
& IGBTs) 
AN9320 | 
99321 (General Single Pulse Unclamped Inductive Switching: A Rating System (5 pages) 
MOSFETs) : 
AN9321 | , 
99322 (General A Combined Single Pulse and Repetitive UIS Rating System (4 pages) 
MOSFETs) 
AN9322 
99409 (General Safe Operating Area Testing Without a Heat Sink (4 pages) | 
MOSFETs) ) 
AN9409 


| 99512 (General Practical Aspects of Using PowerMOS Transistors to Drive Inductive Loads (8 pages) AN9512 
MOSFETs) 
AN9512 


797338 (General MOSFETs | Harris Power MOSFET and MCT Spice Model Library (71 pages) or Call Harris Semiconductor 
& MCTs) (407) 724-7237 and request by mail. MMPWRDEV.1 


MM PWRDEV 


For more information, see the AnswerFAX map on page 10-2 and choose catalog item #5, “Discrete and Intelligent Power Products’. 


_ AnswerFAX Gives You the Information on HARRIS 
You Need. On Your Own Fax. SEMICONDUCTOR 


¢ Data Sheets 
¢ New Products 


¢ Application Notes 
¢ Technical Briefs 
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SALES OFFICES 


North American Sales Offices and Representatives 


ALABAMA 
Harris Semiconductor 
600 Boulevard South 
Suite 103 
Huntsville, AL 35802 
TEL: (205) 883-2791 
FAX: 205 883 2861 


Giesting & Associates 
Suite 15 

4835 University Square 
Huntsville, AL 35816 
TEL: (205) 830-4554 
FAX: 205 830 4699 


ARIZONA 
Compass Mktg. & Sales, Inc. 
11801 N. Tatum Bivd. #101 
Phoenix, AZ 85028 
TEL: (602) 996-0635 
FAX: 602 996 0586 


2410 W. Ruthrauff, Rd. #110 
Tucson, AZ 85705 

TEL: (520) 292-0222 

FAX: 520 292 1008 


CALIFORNIA 

Harris Semiconductor 
1503 So. Coast Drive 
Suite 320 

Costa Mesa, CA 92626 
TEL: (714) 433-0600 
FAX: 714 433 0682 


Harris Semiconductor 
3031 Tisch Way 

1 Plaza South 

San Jose, CA 95128 
TEL: (408) 985-7322 
FAX: 408 985 7455 


CK Associates 

8333 Clairemont Mesa Blvd. 
Suite 102 

San Diego, CA 92111 

TEL: (619) 279-0420 

FAX: 619 279 7650 


Ewing Foley, Inc. 
185 Linden Avenue 
Auburn, CA 95603 
TEL: (916) 885-6591 
FAX: 916 885 6594 


Ewing Foley, Inc. 

10495 Bandley Avenue 
Cupertino, CA 95014-1972 
TEL: (408) 342-1220 

FAX: 408 342 1221 — 


* 


* 


* Field Application Assistance Available 


Vision Technical Sales, inc. 
* 26010 Mureau Road 

Suite 140 

Calabasas, CA 91302 

TEL: (818) 878-7955 

FAX: 818 878 7965 


CANADA 
Blakewood Electronic 
Systems, Inc. 
#201 - 7382 Winston Street 
Burnaby, BC 
Canada V5A 2G9 
TEL: (604) 444-3344 
FAX: 604 444 3303 


Clark Hurman Associates 
Unit 14 

20 Regan Road 

Brampton, Ontario 

Canada L7A IC3 

TEL: (905) 840-6066 

FAX: 905 840-6091 


308 Palladium Drive 
Suite 200 

Kanata, Ontario 
Canada K2B 1A1 
TEL: (613) 599-5626 
FAX: 613 599 5707 


78 Donegani, Suite 200 
Pointe Claire, Quebec 
Canada H9R 2V4 

TEL: (514) 426-0453 
FAX: 514 426 0455 


COLORADO 
Compass Mktg. & Sales, Inc. 
14142 Denver West Pkwy #200 
Golden, CO 80401 
TEL: (303) 277-0456 
FAX: 303 277-0429 


CONNECTICUT 
Advanced Tech. Sales, Inc. 
Westview Office Park 
Bidg. 2, Suite 1C 
850 N. Main Street Extension 
Wallingford, CT 06492 
TEL: (508) 664-0888 
FAX: 203 284 8232 


FLORIDA 

Harris Semiconductor 
2401 Palm Bay Rd. 
Palm Bay, FL 32905 
TEL: (407) 729-4984 


FAX: 407 729 5321 


Sun Marketing Group 
1956 Dairy Rd. 

West Melbourne, FL 32904 
TEL: (407) 723-0501 

FAX: 407 723 3845 


Sun Marketing Group 

4175 East Bay Drive, Suite 128 
Clearwater, FL 34624 

TEL: (813) 536-5771 

FAX: 813 536 6933 


Sun Marketing Group 

600 S. Federal Hwy., Suite 218 
Deerfield Beach, FL 33441 
TEL: (954) 429-1077 

FAX: 954 429 0019 


* 


GEORGIA 
Giesting & Associates 

* 2434 Hwy. 120, Suite 108 
Duluth, GA 30136 
TEL: (770) 476-0025 
FAX: 770 476 2405 


ILLINOIS 
Harris Semiconductor 
* 1101 Perimeter Dr., Suite 600 
Schaumburg, IL 60173 
TEL: (847) 240-3480 
FAX: 847 619 1511 


Oasis Sales 

1101 Tonne Road 

Elk Grove Village, IL 60007 
TEL: (847) 640-1850 

FAX: 847 640 9432 


INDIANA 
Harris Semiconductor 
* 11590 N. Meridian St. 
Suite 100 
Carmel, IN 46032 
TEL: (317) 843-5180 
FAX: 317 843 5191 


Giesting & Associates 
370 Ridgepoint Dr. 
Carmel, IN 46032 

TEL: (317) 844-5222 
FAX: 317 844 5861 
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IOWA 


Oasis Sales 

4905 Lakeside Dr., NE 
Suite 203 

Cedar Rapids, IA 52402 
TEL: (319) 377-8738 
FAX: 319 377 8803 


KANSAS 


Advanced Tech. Sales, Inc. 
2012 Prairie Circle Suite A 
Olathe, KS 66062 

TEL: (913) 782-8702 

FAX: 913 782 8641 


KENTUCKY 


Giesting & Associates 
204 Pintail Court 

P.O. Box 909 
Versailles, KY 40383 
TEL: (606) 873-2330 
FAX: 606 873 6233 


MARYLAND 


New Era Sales, Inc. 

890 Airport Pk. Rd, Suite 103 
Glen Burnie, MD 21061 

TEI: (410) 761-4100 

FAX: 410 761-2981 


MASSACHUSETTS 


% 


MICHIGAN 


* 


Harris Semiconductor 

Six New England Executive Pk. 
Burlington, MA 01803 

TEL: (617) 221-1850 

FAX: 617 221 1866 


Advanced Tech Sales, Inc. 
348 Park Street, Suite 102 
Park Place West 

N. Reading, MA 01864 

TEL: (508) 664-0888 

FAX: 508 664 5503 


Harris Semiconductor 
27777 Franklin Rd., Suite 460 
Southfield, Ml! 48034 

TEL: (810) 746-0800 

FAX: 810 746 0516 


Giesting & Associates 

34441 Eight Mile Rd., Suite 113 
Livonia, MI 48152 

TEL: (810) 478-8106 

FAX: 810 477 6908 


ry) 
ry 
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North American Sales Offices and Representatives (Continued) 


MINNESOTA 
Oasis Sales 
7805 Telegraph Road 
Suite 210 | 
Bloomington, MN 55438 
TEL: (612) 941-1917 
FAX: 612 941 5701 


MISSOURI . 
Advanced Tech. Sales 
13755 St. Charles Rock Rd. 
Bridgeton, MO 63044 
TEL: (314) 291-5003 
FAX: 314 291 7958 


NEBRASKA 
Advanced Tech. Sales, Inc. 
601 North Mur-Len, Suite 8 
Olathe, KS 66062 
TEL: (913) 782-8702 
FAX: 913 782 8641 


NEW JERSEY 

Harris Semiconductor 
Plaza 1000 at Main Street 
Suite 104 

Voorhees, NJ 08043 
TEL: (609) 751-3425 
FAX: 609 751 5911 


Harris Semiconductor 
724 Route 202 

P.O. Box 591 
Somerville, NJ 08876 
TEL: (908) 685-6150 
FAX: 908 685-6140 


Tritek Sales, Inc. 

One Mall Dr., Suite 410 
Cherry Hill, NJ 08002 
TEL: (609) 667-0200 
FAX: 609 667 8741 


* 


NEW MEXICO 


Compass Mktg. & Sales, Inc. 


4100 Osuna Rd., NE, Suite 109 
Albuquerque, NM 87109 

TEL: (505) 344-9990 

FAX: 505 345 4848 


NEW YORK 
Harris Semiconductor 
Hampton Business Center 
1611 Rt. 9, Suite U3 
Wappingers Falls, NY 12590 
TEL: (914) 298-0413 
FAX: 914 298 0425 


Harris Semiconductor 

490 Wheeler Rd, Suite 165B 
Hauppauge, NY 11788-4365 
TEL: (516) 342-0291 Analog 
TEL: (516) 342-0292 Digital 

FAX: 516 342 0295 


Foster & Wager, Inc. 
300 Main Street 
Vestal, NY 13850 
TEL: (607) 748-5963 
FAX: 607 748 5965 


Foster & Wager, Inc. 
2511 Browncroft Blvd. 
Rochester, NY 14625 
TEL: (716) 385-7744 
FAX: 716 586 1359 


Foster & Wager, Inc. 
7696 Mountain Ash 
Liverpool, NY 13090 
TEL: (315) 457-7954 
FAX: 315 457 7076 


Trionic Associates, Inc. 
320 Northern Blvd. 
Great Neck, NY 11021 
TEL: (516) 466-2300 
FAX: 516 466 2319 


* 


NORTH CAROLINA 
Harris Semiconductor 
4020 Stirrup Creek Dr. 
Building 2A, MS/2T08 
Durham, NC 27703 
TEL: (919) 405-3600 
FAX: 919 405 3660 


New Era Sales 

1215 Jones Franklin Road 
Suite 201 

Raleigh, NC 27606 

TEL: (919) 859-4400 
FAX: 919 859 6167 


OHIO 
Giesting & Associates 
P.O. Box 39398 
2854 Blue Rock Rd. 
Cincinnati, OH 45239 
TEL: (513) 385-1105 
FAX: 513 385 5069 


6324 Tamworth Ct. 
Columbus, OH 43017 
TEL: (614) 792-5900 
FAX: 614 792 6601 


6200 SOM Center Rd. 
Suite D-20 

Solon, OH 44139 
TEL: (216) 498-4644 
FAX: 216 498 4554 


OKLAHOMA 
Nova Marketing 
8421 East 61st Street, Suite P 
Tulsa, OK 74133-1928 
TEL: (800) 826-8557 
TEL: (918) 660-5105 
FAX: 918 357 1091 


OREGON 


Northwest Marketing Assoc. 


4905 SW Griffith Drive 
Suite 106 

Beaverton, OR 97005. 
TEL: (503) 644-4840 
FAX: 503 644-9519 


PENNSYLVANIA 
Giesting & Associates 
471 Walnut Street 
Pittsburgh, PA 15238 
TEL: (412) 828-3553 
FAX: 412 828 6160 
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TEXAS 


* 


Harris Semiconductor 

17000 Dallas Parkway, Suite 205 
Dallas, TX 75248 

TEL: (214) 733-0800 

FAX: 214 733 0819 


Nova Marketing 

8310 Capitol of Texas Hwy. 
Suite 180 

Austin, TX 78731 

TEL: (512) 343-2321 

FAX: 512 343-2487 


8350 Meadow Rad., Suite 174 
Dallas, TX 75231 

TEL: (214) 265-4600 

FAX: 214 265 4668 


Corporate Atrium Il, Suite 140 
10701 Corporate Dr. 

Stafford, TX 77477 

TEL: (713) 240-6082 

FAX: 713 240 6094 


UTAH 


Compass Mktg. & Sales, Inc. 
5 Triad Center, Suite 320 

Salt Lake City, UT 84180 

TEL: (801) 322-0391 

FAX: 801 322-0392 


WASHINGTON 


Northwest Marketing Assoc. 
12835 Bel-Red Road 

Suite 330N 

Bellevue, WA 98005 

TEL: (206) 455-5846 

FAX: 206 451 1130 


WISCONSIN 


Oasis Sales 

1305 N. Barker Rd. 
Brookfield, WI 53005 
TEL: (414) 782-6660 
FAX: 414 782 7921 


North American Authorized Distributors and Corporate Offices 


Hamilton Hallmark and Zeus are the only authorized North American distributors for stocking and sale of Harris Rad Hard Space products. 


Alliance Electronics 
7550 E. Redfield Rd. 
Scottsdale, AZ 85260 
TEL: (602) 483-9400 
FAX: (602) 443 3898 


Allied Electronics 
7410 Pebble Dr. 

Ft. Worth, TX 76118 
TEL: (800) 433-5700 


Arrow/Schweber 
Electronics 

25 Hub Dr. 

Melville, NY 11747 
TEL: (800) 777-2776 


Electronics Marketing 
Corporation (EMC) 
1150 West Third Avenue 
Columbus, OH 43212 
TEL: (614) 299-4161 
FAX: 614 299 4121 


Farnell Electronic Services 
300 North Rivermede Rd. 
Concord, Ontario 

Canada L4K 3N6 

TEL: (416) 798-4884 

FAX: 416 798 4889 


Gerber Electronics 

128 Carnegie Row 
Norwood, MA 02062 

TEL: (617) 769-6000, x156 
FAX: 617 762 8931 


* Field Application Assistance Available 


Hamilton Hallmark 

10950 W. Washington Blvd. 
Culver City, CA 90230 
TEL: (800) 332-8638 


Newark Electronics 
4801 N. Ravenswood 
Chicago, IL 60640 
TEL: (312) 784-5100 
FAX: 312 275-9596 


Wyle Electronics 
(Commercial Products) 
3000 Bowers Avenue 
Santa Clara, CA 95051 
TEL: (800) 414-4144 
FAX: 801 226-0210 
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Zeus Electronics, 
An Arrow Company 
100 Midland Avenue 
Pt. Chester, NY 10573 
TEL: (800) 524-4735 


Obsolete Products: 


Rochester Electronics 
10 Malcom Hoyt Drive 
Newburyport, MA 01950 
TEL: (508) 462-9332 
FAX: 508 462 9512 


North American Authorized Distributors (Continued) 


ALABAMA 


Arrow/Schweber 
Huntsville 

TEL: (205) 837-6955 
Hamilton Hallmark 
Huntsville 

TEL: (205) 837-8700 


Wyle Electronics 
Huntsville 
TEL: (205) 830-1119 


Zeus, An Arrow Company 
Huntsville 

TEL: (407) 333-3055 

TEL: (800) 52-HI-REL 


ARIZONA 


Alliance Electronics, Inc. 
Scottsdale 

TEL: (602) 483-9400 
Arrow/Schweber 

Tempe 

TEL: (602) 431-0030 
Hamilton Hallmark 
Phoenix 

TEL: (602) 437-1200 
Wyle Electronics 
Phoenix 

TEL: (602) 804-7000 
Zeus, An Arrow Company 
Tempe 

TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 


CALIFORNIA 
Arrow/Schweber 
Calabasas 
TEL: (818) 880-9686 
Fremont 
TEL: (408) 432-7171 
irvine 
TEL: (714) 587-0404 
San Diego 
TEL: (619) 565-4800 
San Jose 
TEL: (408) 441-9700 
Hamilton Hallmark 
Costa Mesa 
TEL: (714) 789-4100 
Los Angeles 
TEL: (818) 594-0404 
Sacramento 
TEL: (916) 632-4500 
San Diego 
TEL: (619) 571-7540 
San Jose 
TEL: (408) 435-3500 
Wyle Electronics 
Calabasas 
TEL: (818) 880-9000 
Irvine 
TEL: (714) 789-9953 
Rancho Cordova 
TEL: (916) 638-5282 
San Diego — 

TEL: (619) 565-9171 
Santa Clara 
TEL: (408) 727-2500 


* Field Application Assistance Available 


Zeus, An Arrow Company 
San Jose 

TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 
Irvine 

TEL: (714) 921-9000 

TEL: (800) 52-HI-REL 


CANADA 


Arrow/Schweber 
Burnaby, British Columbia 
TEL: (604) 421-2333 
Dorval, Quebec 

TEL: (514) 421-7411 
Nepan, Ontario 

TEL: (613) 226-6903 
Mississagua, Ontario 
TEL: (905) 670-7769 
Farnell Electronic Services 
Burnaby, British Columbia 
TEL: (604) 606-8950 
Calgary, Alberta 

TEL: (403) 273-2780 
Concord, Ontario 

TEL: (416) 798-4884 
V. St. Laurent, Quebec 
TEL: (514) 697-8149 
Nepean, Ontario 

TEL: (613) 596-6980 
Winnipeg, Manitoba 
TEL: (204) 786-2589 
Hamilton Hallmark 
Mississagua, Ontario 
TEL: (905) 564-6060 
Montreal 

TEL: (514) 335-1000 
Ottawa 

TEL: (613) 226-1700 
Vancouver, B.C. 

TEL: (604) 420-4101 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


FLORIDA 
Arrow/Schweber 
Deerfield Beach 
TEL: (954) 429-8200 


Lake Mary 
TEL: (954) 333-9300 


Hamilton Hallmark 
Miami 

TEL: (954) 484-5482 
Orlando 

TEL: (407) 657-3300 
Largo 

TEL: (813) 541-7440 
Wyle Electronics 
Fort Lauderdale 
TEL: (954) 420-0500 


St. Petersburg 
TEL: (813) 576-3004 


Zeus, An Arrow Company 
Lake Mary 

TEL: (407) 333-3055 

TEL: (800) 52-HI-REL 


GEORGIA 
Arrow/Schweber 
Duluth 
TEL: (770) 497-1300 


Hamilton Hallmark 
Atlanta 
TEL: (770) 623-4400 


Wyle Electronics 

Duluth 

TEL: (770) 441-9045 

Zeus, An Arrow Company 
TEL: (407) 333-3055 

TEL: (800) 52-HI-REL 


Toronto ILLINOIS 
TEL: (905) 564-6060 Arrow/Schweber 
Itasca 
COLORADO TEL: (708) 250-0500 
Arrow/Schweber Hamilton Hallmark 
Englewood Chicago 


TEL: (303) 799-0258 


Hamilton Hallmark 
Denver 
TEL: (303) 790-1662 


Colorado Springs 
TEL: (719) 637-0055 


Wyle Electronics 
Thornton 
TEL: (303) 457-9953 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


CONNECTICUT 
Alliance Electronics, Inc. 
Shelton 
TEL: (203) 926-0087 


Arrow/Schweber 
Wallingford 

TEL: (203) 265-7741 
Hamilton Hallmark 


Danbury 
TEL: (203) 271-5700 


TEL: (847) 797-7300 


Newark Electronics, Inc. 
Chicago 

TEL: (312) 907-5436 

‘Wyle Electronics 

Addison 

TEL: (708) 620-0969 
Zeus, An Arrow Company 
Itasca 

TEL: (708) 250-0500 

TEL: (800) 52-HI-REL 


INDIANA 
Arrow/Schweber 


Indianapolis 
TEL: (317) 299-2071 


Hamilton Hallmark 
Carmel 
TEL: (317) 575-3500 


Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 
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IOWA 


Arrow/Schweber 
Cedar Rapids 
TEL: (319) 395-7230 


Hamilton Hallmark 

Cedar Rapids 

TEL: (319) 362-4757 

Zeus, An Arrow Company 
TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


KANSAS : 


Arrow/Schweber 
Lenexa 
TEL: (913) 541-9542 


Hamilton Hallmark 
Kansas City 

TEL: (913) 663-7900 

Zeus, An Arrow Company 
TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


MARYLAND 


Arrow/Schweber 
Columbia 
TEL: (301) 596-7800 


Hamilton Hallmark 
Columbia 
TEL: (410) 720-3400 


Wyle Electronics 
Columbia 

TEL: (410) 312-4844 

Zeus, An Arrow Company 
TEL: (914) 937-7400 

TEL: (800) 52-HI-REL 


MASSACHUSETTS 


Arrow/Schweber | 
Wilmington 

TEL: (508) 658-0900 
Gerber Electronics 
Norwood 

TEL: (617) 769-6000 


Hamilton Hallmark 
Peabody 
TEL: (508) 532-9893 


Wyle Electronics 
Bedford 
(617) 271-9953 


Zeus, An Arrow Company 
Wilmington, MA 

TEL: (508) 658-4776 

TEL: (800) HI-REL 


MICHIGAN 


Arrow/Schweber 

Livonia 

TEL: (313) 462-2290 
Hamilton Halimark 
Plymouth 

TEL: (313) 416-5800 

Zeus, An Arrow Company 
TEL: (708) 250-0500 

TEL: (800) 52-HI-REL 


SALES OFFICES 


North American Authorized Distributors (Continued) 


MINNESOTA 
Hamilton Hallmark 
Minneapolis 
TEL: (612) 881-2600 


Wyle Electronics 
Minneapolis 
TEL: (612) 853-2280 


Zeus, An Arrow. Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


MISSOURI 
Arrow/Schweber 
St. Louis 
TEL: (314) 567-6888 


Hamilton Hallmark 

St. Louis 

TEL: (314) 291-5350 
Zeus, An Arrow Company 
TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


NEW JERSEY 
Arrow/Schweber 
Marlton 
TEL: (609) 596-8000 


Pinebrook 
TEL: (201) 227-7880 


Hamilton Halimark 
Cherry Hill 
TEL: (609) 424-0110 


Parsippany 
TEL: (201) 515-1641 


Wyle Electronics 

Mt. Laurel 

TEL: (609) 439-9110 

Pine Brook 

TEL: (201) 882-8358 

Zeus, An Arrow Company 
TEL: (914) 937-7400 

TEL: (800) 52-HI-REL 


NEW MEXICO 
Hamilton Hallmark 
Albuquerque 
TEL: (505) 293-5119 


Zeus, An Arrow Company 

TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 
NEW YORK 

Alliance Electronics, Inc. 

Huntington 

TEL: (516) 673-1930 


Arrow/Schweber 

Farmingdale 

TEL: (516) 293-6363 
' Hauppauge 

TEL: (516) 231-1000 

Melville 

TEL: (516) 391-1276 

TEL: (516) 391-1300 

TEL: (516) 391-1633 


Rochester 
TEL: (716) 427-0300 


Hamilton Halimark 
Long Island 
TEL: (516) 737-0600 


Hauppauge 
TEL: (516) 434-7470 


Rochester 
TEL: (716) 272-2740 


Zeus, An Arrow Company 
Pt. Chester 

TEL: (914) 937-7400 

TEL: (800) 52-HI-REL 


NORTH CAROLINA 
Arrow/Schweber 
Raleigh 
TEL: (919) 876-3132 
EMC 
Charlotte 
TEL: (704) 394-6195 


Hamilton Hallmark 
Raleigh 
TEL: (919) 872-0712 


Wyle Electronics 
Raleigh 

TEL: (919) 481-3737 
TEL: 800-950-9953 


Zeus, An Arrow Company 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


OHIO 
Alliance Electronics, Inc. 
Dayton 
TEL: (513) 433-7700 
Arrow/Schweber 
Solon 
TEL: (216) 248-3990 
Centerville 
TEL: (513) 435-5563 


EMC 
Columbus 
. TEL: (614) 299-4161 


Hamilton Hallmark 
Cleveland 
TEL: (216) 498-1100 


Columbus 
TEL: (614) 888-3313 


Dayton 

TEL: (513) 439-6735 

Wyle Electronics 
Cleveland 

TEL: (216) 248-9996 

Zeus, An Arrow Company 
TEL: (708) 595-9730 

TEL: (800) 52-HI-REL 


OKLAHOMA 
Arrow/Schweber 
Tulsa 
TEL: (918) 252-7537 


Hamilton Hallmark 

Tulsa 

TEL: (918) 459-6000 

Zeus, An Arrow Company 
TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


* Field Application Assistance Available 


OREGON 
Almac/Arrow 
Beaverton 
TEL: (503) 629-8090 


Hamilton Halimark 
Portland 
TEL: (503) 526-6200 


Wyle Electronics 
Beaverton 
TEL: (503) 643-7900 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


PENNSYLVANIA 
Arrow/Schweber 
Pittsburgh 
TEL: (412) 856-9490 


Hamilton Hallmark 
Pittsburgh 
TEL: (800) 332-8638 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


TEXAS 
Allied Electronics, inc. 
Ft. Worth 
TEL: (800) 433-5700 
Arrow/Schweber 
Austin 
TEL: (512) 835-4180 


Dallas 
TEL: (214) 380-6464 


Houston 

TEL: (713) 647-6868 
Hamilton Hallmark 
Austin 

TEL: (512) 258-8848 


Dallas 
TEL: (214) 553-4300 


Houston 

TEL: (713) 781-6100 
Wyle Electronics 
Austin 

TEL: (512) 345-8853 


Houston 

TEL: (713) 879-9953 
Richardson 

TEL: (214) 235-9953 

Zeus, An Arrow Company 
Carrollton 

TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


UTAH 
Arrow/Schweber 
Salt Lake City 
TEL: (801) 973-6913 
Hamilton Hallmark 
Salt Lake City 
TEL: (801) 266-2022 
Wyle Electronics 
Orem 
TEL: (801) 226-0991 
West Valley City 
TEL: (801) 974-9953 


Zeus, An Arrow Company | 


TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 
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WASHINGTON 
Almac/Arrow | 
Bellevue 
TEL: (206) 643-9992 


Hamilton Halimark 
Seattle 

TEL: (206) 882-7000 

Wyle Electronics 
Redmond 

TEL: (206) 881-1150 

Zeus, An Arrow Company 
TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 


WISCONSIN 
Arrow/Schweber 
Brookfield . 

TEL: (414) 792-0150 


Hamilton Hallmark 
Milwaukee 

TEL: (414) 780-7200 

Wyle Electronics 
Brookfield 

TEL: (414) 879-0434 

Zeus, An Arrow Company 
TEL: (708) 250-0500 

TEL: (800) 52-HI-REL 


Harris Semiconductor 
Chip Distributors 


Chip Supply, Inc. 

7725 N. Orange Blossom Trail 
Orlando, FL 32810-2696 

TEL: (407) 298-7100 

FAX: (407) 290-0164 

Elmo Semiconductor Corp. 
7590 North Glenoaks Blvd. 
Burbank, CA 91504-1052 
TEL: (818) 768-7400 

FAX: (818) 767-7038 


Minco Technology Labs, inc. 
1805 Rutherford Lane 

Austin, TX 78754 

TEL: (512) 834-2022 

FAX: (512) 837-6285 


Puerto Rican 
Authorized Distributor 


Hamilton Halimark 

El Senorail M/S Box 862 
San Juan, PR 00926 
TEL: (809) 760-1158 
FAX: 809 754-4356 


South American 
Authorized Distributor 


Graftec Electronic Sales Inc. 
One Boca Place, Suite 305 East 
2255 Glades Road 

Boca Raton, Florida 33431 
TEL: (407) 994-0933 

FAX: 407 994-5518 


BRASIL 


Graftec Brasil Ltda. 

Rua baroneza De ITU 336 - 5 
01231-000 - Sao Paulo - SP 
TEL: 55-11-826-5407 

FAX: 55-11-826-6526 


European Sales Offices and Representatives 


European Sales 
Headquarters 


Harris S.A. 

Mercure Center 

Rue de la Fusee 100 
B-1130 Brussels, Belgium 
TEL: 32 2 724 21 11 

FAX: 32 2 724 2205/...09 


DENMARK 
Independent Electronics 
Components 
Poppelskellet 2 
DK - 2000 Frederiksberg 
TEL: 45 3645 1206 
FAX: 45 3645 1205 


FINLAND 
J. Havulinna & Son 
Reinikkalan Kartano 
SF - 51200 Kangasniemi 
TEL: 358 59 432031 
FAX: 358 59 432367 


FRANCE 
Harris Semiconducteurs SARL 
* 2-4, Avenue de l'Europe 
F - 78941 Velizy Cedex 
TEL: 33 1 34 65 40 80 (Dist) 
TEL: 33 1 34 65 40 00(Sales) 
FAX: 33 1 39 46 40 54 


GERMANY 

Harris Semiconductor GmbH 
Putzbrunnerstrasse 69 
D-81739 Munchen 

TEL: 49 89 63813-0 

FAX: 49 89 6377891 


Harris Semiconductor GmbH 
Kieler Strasse 55-59 

D-25451 Quickborn 

TEL: 49 4106 50 02-04 

FAX: 49 4106 6 88 50 


Harris Semiconductor GmbH 
Wegener Strasse, 5/1 

D - 71063 Sindelfingen 

TEL: 49 7031 8 69 40 

FAX: 49 7031 87 38 49 


Ecker Michelstadt GmbH 
In den Dorfwiesen 2A 
Postfach 33 44 

D - 64720 Michelstadt 
TEL: 49 6061 22 33 

FAX: 49 6061 50 39 


Erwin W. Hildebrandt 
Nieresch 32 

D - 48301 Nottuln-Darup 
TEL: 49 2502 60 65 
FAX: 49 2502 18 89 


FINK Handelsvertretung 
Laurinweg, 1 

D - 85521 Ottobrunn 
TEL: 49 89 6 09 70 04 
FAX: 49 89 6 09 81 70 


Hartmut Welte 
Hepbacher Strasse 11A 
D - 88677 Markdorf 
TEL: 49 7544 7 25 55 
FAX: 49 7544 7 25 55 


* 


* 


ISRAEL 
Aviv Electronics Ltd 
Hayetzira Street, 4 Ind. Zone 
IS - 43651 Ra’anana 
PO Box 2433 
IS - 43100 Ra’anana 
TEL: 972 9 983232 
FAX: 972 9 916510 


ITALY 
Harris SRL 
* Viale Fulvio Testi, 126 
|-20092 Cinisello Balsamo, 
(Milan) 
TEL: 39 2 262 07 61 
(Disti & OEM ROSE) 
TEL: 39 2 262 22 21 31 
(Disti & OEM Italy) 
FAX: 39 2 262 22 158 (ROSE) 


SPAIN 
Elcos S. L. 
C/Avda. Europa, 30 1 B-A 
Spain 28224 Pozuelo de Alarcon 
Madrid 
TEL: 34 1 352 3052 
FAX: 34 1 352 1147 


TURKEY 
EMPA 
Besyol Londra Asfalti 
TK - 34630 Sefakoy/ Istanbul 
TEL: 90 212 599 3050 
FAX: 90 212 599 3059 
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UNITED KINGDOM 


* 


Harris Semiconductor Ltd 
Riverside Way 

Camberley 

Surrey GU15 3YQ 

TEL: 44 1276 686 886 

FAX: 44 1276 682 323 


Laser Electronics 
Ballynamoney 
Greenore 

Co. Louth, Ireland 
TEL: 353 4273165 
FAX: 353 4273518 


Complementary 
Technologies Ltd 

Redgate Road 

South Lancashire, Ind. Estate 
Ashton-In-Makerfield 
Wigan, Lancs WN4 8DT 
TEL: 44 1942 274 731 

FAX: 44 1942 274 732 


Stuart Electronics Ltd. 
Phoenix House 
Bothwell Road 
Castlehill, Carluke 
Lanarkshire ML8 5UF 
TEL: 44 1555 751572 
FAX: 44 1555 750028 


European Authorized Distributors 


AUSTRIA 
Avnet E2000 GmbH 


Waidhausenstrasse 19 
A- 1140 Wien 

TEL: 43 1 9112847 
FAX: 43 1 9113853 


EBV Elektronik 

* Diefenbachgasse 35/6 
A - 1150 Wien 
TEL: 43 1 89 41 774 
FAX: 43 1 89 41 775 


Eurodis Electronics GmbH 
Lamezanstrasse 10 

A- 1232 Wien 

TEL: 43 1610 620 

FAX: 43 1610 62 151 


Spoerle Electronic 
Heiligenstadter Str. 52 
A- 1190 Wien 

TEL: 43 1 31872700 
FAX: 43 1 3692273 


* Field Application Assistance Available 


BELGIUM 

Diode Spoerle 
Keiberg II 
Minervastraat, 14/B2 
B-1930 Zaventem 
TEL: 32 2 725 46 60 
FAX: 32 2 725 45 11 


EBV Elektronik 
Excelsiorlaan 35B 

B - 1930 Zaventem 
TEL: 32 2 716 00 10 
FAX: 32 2 720 81 52 


Eurodis Texim Electronics 
* Avenue des Croix de 

Guerre 116 

B - 1120 Brussels 

TEL: 32 2 247 49 69 

FAX: 32 2 215 81 02 


* 


* 


DENMARK 
Avnet Nortec 
Transformervej, 17 
DK - 2730 Herlev 
TEL: 45 44 88 08 00 
FAX: 45 44 88 08 88 


Ditz Schweitzer 
Titangade 15 

DK - 2200 Copenhagen N 
TEL: 45 3586 9090 

FAX: 45 3586 9060 


FINLAND 
Avnet Nortec 
Italahdenkatu, 18A 
FIN - 00210 Helsinki 
TEL: 358 0 613 181 
FAX: 358 0 692 2326 


Bexab Finland OY 
Asemakuja 2A 
FIN-02770 

ESPOO 

TEL: 358 0 6135 2690 
FAX: 358 0 6135 2655 


FRANCE 
3D 
ZI des Glaises 
6/8 rue Ambroise Croizat 
F - 91127 Palaiseau 
TEL: 33 1 64 47 29 29 
FAX: 33 1 64 47 00 84 
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* 


Arrow Electronique 

73 - 79, Rue des Solets 
Silic 585 . 

F - 94663 Rungis Cedex 
TEL: 33 1 49 78 49 78 
FAX: 33 1 49 78 06 99 


Avnet EMG France 

79, Rue Pierre Semard 

P.B. 90 

F-92322 Chatillon Sous Bagneux 
TEL: 33 1 49 65 27 00 

FAX: 33 1 49 65 25 39 


CCl Electronique 

12, Allee de la Vierge 
Silic 577 

F - 94653 Rungis 
TEL: 33 1 41 80 70 00 
FAX: 33 1 46 75 32 07 


EBV Elektronik 

Parc Club de la Haute Maison 
16, Rue Galilee 

Cite Descartes 

F - 77420 Champs-sur-Marne 
TEL: 33 1 64 68 86 00 

FAX: 33 1 64 68 27 67 


SALES OFFICES 


European Authorized Distributors (Continued) 


Harris Semiconductor 
Chip Distributors 


Edgetek/Rood Tech 
Zai De Courtaboeuf 
Avenue Des Andes 
91952 Les Ulis Cedex 
TEL: 33 1 64 46 06 50 
FAX: 33 1 69 28 43 96 
TWX: 600333 


Elmo 

Z. A. De La Tuilerie 

B. P. 1077 

78204 Mantes-La-Jolie 
TEL: 33 1 34 77 16 16 
FAX: 33 1 34 77 95 79 
TWX: 699737 


Hybritech CM (HCM) 

7, Avenue Juliot Curie 

F - 17027 LA Rochelle Cedex 
TEL: 33 46 45 12 70 

FAX: 33 46 45 04 44 

TWX: 793034 


GERMANY 
Avnet/E2000 
Stahlgruberring, 12 
D - 81829 Munchen 
TEL: 49 89 4511001 
FAX: 49 89 45110129 


EBV Elektronik GmbH 
Ammerthalstrasse 28 
D-85551 Kirchheim- 
Heimstetten 

TEL: 49 89-99114-0 
FAX: 49 89-9114422 


Eurodis Enatechnik 
Electronics GmbH 
Pascalkehre, 1 

D - 25451 Quickborn - 
P.B. 1240 

D - 25443 Quickborn 
TEL: 49 4106 701-0 
FAX: 49 4106 701 268 


Indeg Industrie Elektronik 
Emil Kommerling Strasse 5 
D - 66954 Pirmasens 
Postfach 1563 

D - 66924 Pirmasens 

TEL: 49 6331 9 40 65 

FAX: 49 6331 9 40 64 


Sasco 

Hermann-Oberth Strasse 16 
D - 85640 Putzbrunn-bei- 
Munchen 

TEL: 49 89 46 11-0 

FAX: 49 89 46 11-270 


Spoerle Electronic 
Max-Planck Strasse 1-3 

D - 63303 Dreieich-bei-Frankfurt 
TEL: 49 6103 304-8 

FAX: 49 6103 304 201 


* 


* 


* 


* 


*+ 


GREECE 
Semicon Co. 
104 Aeolou Street 
GR - 10564 Athens 
TEL: 30 1 32 53 626 
FAX: 30 1 32 16 063 


* Field Application Assistance Available 


ISRAEL 


Aviv Electronics 

Hayetzira Street 4, Ind. Zone 
IS - 43651 Ra’anana 

PO Box 2433 

IS - 43100 Ra’anana 

TEL: 972 9 983232 

FAX: 972 9 916510 


ITALY 


* 


EBV Elektronik 

Via C. Frova, 34 

I - 20092 Cinisello Balsamo (Ml) 
TEL: 39 2 660 17111 

FAX: 39 2 660 17020 


Eurelettronica 

Via Enrico Fermi, 8 

I - 20090 Assago (Ml) 
TEL: 39 2 457 841 
FAX: 39 2 488 02 75 


Lasi Elettronica 
Viale Fulvio Testi 280 
I - 20126 Milano 


TEL: 39 2 66 10 13 70 


FAX: 39 2 66 10 13 85 


Silverstar 

Viale Fulvio Testi 280 
1 - 20126 Milano 

TEL: 39 2 66 12 51 
FAX: 39 2 66 10 13 59 


NETHERLANDS 


* 


* 


* 


Auriema Nederland BV 
Beatrix de Rijkweg, 8 
NL - 5657 EG Eindhoven 
TEL: 31 40 250 2602 
FAX: 31 40 251 0255 


Diode Spoerle 

Coltbaan 17 

NL - 3439 NG Nieuwegein 
TEL: 31 30 609 1234 
FAX: 31 30 603 5924 


Diode Spoerle 

Postbus 7139 _ 

NL - 5605 JC Eindhoven 
TEL: 31 40 254 5430 
FAX: 31 40 253 5540 


EBV Elektronik 
Planetenbaan, 2 

NL - 3606 AK Maarssenbroek 
TEL: 31 3465 623 53 

FAX: 31 3465 642 77 


NORWAY 


Avnet Nortec 
Smedsvingen 4B, Box 123 
N - 1364 Hvalstad 

TEL: 47 66 84 62 10 

FAX: 47 66 84 65 45 


PORTUGAL ~ 


Amitron-Arrow 

Quinta Grande, Lote 20 
Alfragide 

P - 2700 Amadora 
TEL: 351.1.471 48 06 
FAX: 351.1.471 08 02 


SPAIN 


* 


Amitron-Arrow S.A. 
Albasanz, 75 

SP - 28037 Madrid 
TEL: 34 1 304 30 40 
FAX:34 1 327 24 72 


EBV Elektronik 

Centro Empresarial Euronova 
Ronda de Poniente, 

4 Ala Derecha 

1A Planta, Officina A 

SP - 28760 Tres Cantos Madrid 
TEL: 34 1 8 04 32 56 

FAX: 34 1 8 04 41 03 


SWEDEN 


Avnet Nortec 
Englundavagen 7 
P.O. Box 1830 

S - 171 27 Solna 
TEL: 46 8 629 1400 
FAX: 46 8 627 0280 


Bexab Sweden AB 
P.O. Box 523 
Kemistvagen, 10A 
S - 183 25 Taby 
TEL: 46 8 630 88 00 
FAX: 46 8 732 70 58 


SWITZERLAND 


* 


Avnet E2000 AG 
Boehirainstrasse 11 
CH - 8801 Thalwil 
TEL: 41 1 7221330 
FAX: 41 1 7221340 


Basix Fur Elektronik 
Hardturmstrasse 181 
CH - 8010 Zitrich 
TEL: 41127611 11 
FAX: 41 1 2761234 


EBV Elektronik 
Vorstadtstrasse 37 
CH - 8953 Dietikon 
TEL: 41 1740 10 90 
FAX: 41 1 74151 10 


Eurodis Electronic AG 
Bahnstrasse 58/60 

CH - 8105 Regensdorf 
TEL: 41 1 84 33 111 
FAX: 41 1 84 33 910 


Fabrimex Spoerle 
Cherstrasse 4, B.P.B. 
CH - 8152 Zurich 
TEL: 41 1 874 6262 
FAX: 41 1 874 6200 


TURKEY 


EMPA 

Besyol Londra Asfalti 

TK - 34630 Sefakoy/ Istanbul 
TEL: 90 212 599 3050 

FAX: 90 212 599 3059 
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UNITED KINGDOM 


Arrow Electronics 

St Martins Business Centre 
Cambridge Road 

Bedford MK42 OLF 

TEL: 44 1234 270027 

FAX: 44 1234 214674 


Avnet Emg 

Jubilee House, Jubilee Road 
Letchworth 

Hertfordshire SG6 1QH 
TEL: 44 1462 48088 

FAX: 44 1462 488567 


Farnell Electronic 
Components _ 

Armley Road, Leeds 
West Yorkshire LS12 2QQ 
TEL: 44 1132 790101 
FAX: 44 1132 633404 


Farnell Electronic 
Services (ESD) 
Edinburgh Way. 
Harlow 

Essex CM20 2DE 
TEL: 44 1279 626777 
FAX: 44 1279 441687 


Micromark Electronics 
Boyn Valley Road 
Maidenhead 

Berkshire SL6 4DT 
TEL: 44 1628 76176 
FAX: 44 1628 783799 


Thame Components 

Thame Park Rd. 

Thame, Oxfordshire OX9 3UQ 
TEL: 44 1844 261188 

FAX: 44 1844 261681 


Harris Semiconductor | 
Chip Distributors 


Die Technology Ltd. 
Corbrook Rd., Chadderton 
Lancashire OL9 9SD 
TEL: 44 61 626 3827 
FAX: 44 61 627 4321 
TWX: 668570 


Rood Technology 

Test House Mill Lane, Alton 
Hampshire GU34 2QG 
TEL: 44 420 88022 

FAX: 44 420 87259 

TWX: 21137 


South African 
Authorized Distributor 
TRANSVAAL 


Allied Electronic Components 
10, Skietlood Street 

Isando, Ext. 3, 1600 

P.O. Box 69 

Isando, 1600 

TEL: 27 11 392 3804/. . .19 
FAX: 27 11 974 9625 

FAX: 27 11 974 9683 


JAPAN 

Harris K.K. 

Kojimachi-Nakata Bldg. 4F 
5-3-5 Kojimachi 

Chiyoda-ku, Tokyo, 102 Japan 
TEL: (81) 3-3265-7571 

TEL: (81) 3-3265-7572 (Sales) 
FAX: (81) 3-3265-7575 


CHINA/HONG KONG 
Harris Semiconductor 
China Limited 

Room 3005 

88 Tong Ren Road 
Shanghai, 200040 

P.R. China 

TEL: (86-21) 6247-7923 
FAS: (86-21) 6247-7926 


Harris Semiconductor 

_ China Ltd. 

Unit 1801-2, 18th Floor 
83 Austin Road 
Tsimshatsua, Hong Kong 
TEL: (852) 2723-6339 
FAX: (852) 2724-4369 


AUSTRALIA 


* Harris Semiconductor 

c/o Lanier (Australia) Pty Ltd. 
Unit 1/39 Heroert St. 

St Leonards, NSW 2065 
TEL: (61 2) 901-6222 

FAX: (61 2) 906-2527 - 


Asian Pacific Sales Offices and Representatives 


Avnet VSI Electronics Pty 


Ltd. NEW ZEALAND 


Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 878-1299 

FAX: (612) 878-1266 


INDIA 
Intersil Private Limited 
Plot 54, SEEPZ 
Marol Industrial Area 
Andheri (E) Bombay 400 096 
TEL: (91) 22-832-3097 
FAX: (91) 22-836-6682 


INDONESIA 
P.T. Silicontama Jaya 
Jalan A.M. Sangaji No 15 B4 
Jakarta Pusat 
TEL: (62) 21-345 4050 
FAX: (62) 21-345 4427 


KOREA 
Harris Semiconductor YH 
RM #419-1 
Korea Air Terminal Bidg. 
159-6, Sam Sung-Dong, 
Kang Nam-ku, Seoul 
135-728, Korea 
TEL: 82-2-551-0931/4 
FAX: 82-2-551-0930 


H.B. Corporation 

135-270, 3rd/Fl., Taejeong Bidg. 
420-16, Dokok-Dong 
Kangnam-Ku, Seoul 

TEL: 82-2-579-5577 

FAX: 82-2-579-6919 


Asian Pacific Authorized Distributors 


AUSTRALIA 

Avnet VSI Electronics Pty 
Ltd. 

Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 878-1299 

FAX: (612) 878-1266 


CHINA/HONG KONG 


Edal Electronics Co., Ltd. 
Room 911-913, Chevalier 
Commercial Centre, 

8, Wang Hoi Road, 
Kowloon Bay, 

Kowloon, Hong Kong 

TEL: (852) 2305-3863 
FAX: (852) 2759-8225 


Means Come Ltd. 

Room 1007, Harbour Centre 
8 Hok Cheung Street 

Hung Hom, Kowloon 

TEL: (852) 2334-8188 

FAX: (852) 2334-8649 


* Field Application Assistance Available 


Sunnice Electronics Co., Ltd. 
Flat F, 5/F, Everest Ind. Ctr. 
396 Kwun Tong Road 
Kowloon 

TEL: (852) 2790-8073 

FAX: (852) 2763-5477 


Array Electronics Limited 
24/F., Wyler Centre, Phase 2 
200 Tai Lin Pai Road 

Kwai Chung 

New Territories, H.K. 

TEL: (852) 2418-3700 

FAX: (852) 2481-6992 


Inchcape Industrial 

10/F, Tower 2, Metroplaza 
223 Hing Fong Road 
Kwai Fong 

New Territories 

TEL: (852) 2410-6555 
FAX: (852) 2401-2497 


Kingly International Co., Ltd. 
Flat 03, 16/F, Block A, 

Hi-Tech Ind. Centre 

5-12 Pak Tin Par St., 

Tsuen Wan, New Territories, H.K. 
TEL: (852) 2499-3109 

FAX: (852) 2417-0961 
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IN 


Components and 
instrumentation NZ, Ltd. 
19 Pretoria Street 

Lower Hutt 

P.O. Box 38-099 
Wellington 

TEL: (64) 4-566-3222 
FAX: (64) 4-566-2111 


PHILIPPINES 


Uraco Technologies 
Philippines Inc. 

Unit 12A/310 Project 
Condominum 

J.P. Rizal St. Project 4 
Quezon City, 1109 
TEL: (632) 922 2250 
FAX: (632) 922 8709 


SINGAPORE 


Harris Semiconductor Pte Ltd. 
1, Tannery Road #09-01 
Cencon 1, Singapore 1334 
TEL: 65-748-4200 

FAX: 65-748-0400 


TAIWAN | 


Harris Semiconductor 
Room #823, No. 144, Sec. 3 
Ming Chuan East Road 
Taipei, Taiwan, R.O.C. 

TEL: (886) 2-716-9310 

FAX: (886) 2-715-3029 

TLX: 78525174 


DIA 

Graftec India 

No 143 Lakshmi Building 
R.V. Road, V.V. Puram 
Bangalore 560004 
Karnataka 

TEL: (91) 80-661 1095 
FAX: (91) 80-222 6490 


BBS Electronics (india) Pvt 
Ltd 

309 Richmond Tower 

No 12, Richmond Road 
Bangalore 560025 

TEL: (91) 80-221-7912 

FAX: (91) 80-227 8043 


INDONESIA 


P.T. Silicontama Jaya 

Jalan A.M. Sangaji No 15 B4 
Jakarta Pusat 

TEL: (62) 21-345 4050 

FAX: (62) 21-345 4427 
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Applied Component Tech. 
Corp. 

8F No. 233-1, Pao-Chia Road 
Hsin Tien City, Taipei Hsien, 
Taiwan, R.O.C. 

TEL: (886) 2 9170858 

FAX: (886) 2 9171895 


Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 

Fu Hsing South Road 

Taipei, Taiwan 

TEL: (886) 2-705-7266 

FAX: (886) 2-708-7901 

TECO Enterprise Co., Ltd. 
10FL., No. 292, Min-Sheng W. Rd. 
Taipei, Taiwan 

TEL: (886) 2-555-9676 

FAX: (886) 2-558-6006 


THAILAND 


Electronics Source Co., Ltd. 
138 Banmoh Rd. 

Pranakorn, Bangkok 10200 
TEL: 66 2 2264145 

FAX: 66 2 2254985 


JAPAN 


Hakuto Co., Ltd. 

1-1-13 Shinjuku Shinjuku-ku 
Tokyo 160 

TEL: 81-3-3355-7615 

FAX: 81-3-3355-7680 


Jepico Corp. 

Shinjuku Daiichi Seimei Bldg. 
2-7-1, Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163 

TEL: 81 3-3348-0611 

FAX: 81 3-3348-0623 


Macnica Inc. 

Hakusan High Tech Park 
1-22-2, Hakusan 
Midori-ku, Yokohama-shi, 
Kanagawa 226 

TEL: 81 45-939-6116 
FAX: 81 45-939-6117 


Micron, Inc. 

DJK Kouenji Bldg. 5F 
4-26-16, Koenji-Minami 
Suginami-Ku, Tokyo 166 
TEL: 81 3-3317-9911 
FAX: 81 3-3317-9917 
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Asian Pacific Authorized Distributors (Continued) 


Mitsuiwa Shoji Co., Ltd. 
Namikibashi Bldg. 
3-15-8 Shibuya 
Shibuya-Ku, Toyko 150 
TEL: 81 3-3407-2181 
FAX: 81 3-3407-1472 


Nissel Electronics Ltd. 
Hitachi Atago Bldg. 
2-15-12 Nishi-Shimbashi 
Minato-Ku, Tokyo 105 
TEL: 81 3-3504-7921 
FAX: 81 3-3504-7900 


Okura Electronics Co., Ltd. 
Okura Shoji Bldg. 
2-3-6, Ginza Chuo-ku, 


inhwa Company, Ltd. 
Room #305, 

Daegyo Bldg., 56-4, 
Wonhyo-Ro 3GA, 
Youngsan-Ku, 

Seoul 140-113 

TEL: 82-2-703-7231 

FAX: 82-2-702-0054/8711 


KumOh Electric Co., Ltd. 
36-5, Yoido-Dong, 

Young Dung Po-Ku, 

Seoul 

TEL: 82-2-782-9393 

FAX: 82-2-782-9388 


Tokyo 104 MALAYSIA 
TEL: 81 3-3564-6822 BBS Electronics (M) Sdn 
FAX: 81 3-3564-6870 Bhd 


Takachiho Koheki Co., Ltd. 
1-2-8, Yotsuya 
Shinjuku-ku, Tokyo 160 
TEL: 81 3-3355-6695 
FAX: 81 3-3357-5034 
KOREA 
Graftec Korea 
Room #611, Yongsan 
Electronic Officetel, 16-58 
3-Ga Hankang-Ro, 
Youngsan-Gu, Seoul 
TEL: 82-2-715-8857/8 
FAX: 82-2-715-8859 


Lot 2-01, Wisma Denko 
41, Lorong Adu Siti 
10400 Penang 7 
TEL: (604) 228 0433 
FAX: (604) 228 1710 


NEW ZEALAND 


Components and 
Instrumentation NZ, Ltd. 

19 Pretoria Street, Lower Hutt 
P.O. Box 38-099 

Wellington 

TEL: (64) 4-566-3222 

FAX: (64) 4-566-2111 


PHILIPPINES 


Uraco Technologies 
Philippines Inc. 

Unit 124/310 Project 
Condominum 

J.P. Rizal St. Project 4 
Quezon City, 1109 
TEL: (632) 922 2250 
FAX: (632) 922 8709 


SINGAPORE 


B.B.S Electronics Pte, Ltd. 
1 Genting Link 

#05-03 Perfect Indust. Bidg. 
Singapore 1334 

TEL: (65) 748-8400 

FAX: (65) 748-8466 
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TAIWAN 


Applied Component Tech. 
Corp. 

8F No. 233-,1 Pao-Chial Road 
Hsin Tien City, Taipei Hsein, 
TEL: (02) 9170858 


FAX: (02) 9171895 


Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 

Fu Hsing South Road 

Taipei, Taiwan 

TEL: (886) 2-705-7266 

FAX: (886) 2-708-7901 

TECO Enterprise Co., Ltd. 
10FL., No. 292, Min-Sheng W. Rd. 
Taipei, Taiwan 

TEL: (886) 2-555-9676 

FAX: (886) 2-558-6006 


THAILAND 


Electronics Source Co., Ltd. 
138 Banmoh Rd. 

Pranakorn, Bangkok 10200 
TEL: 66 2 2264145 

FAX: 66 2.2254985 


Have you tried Harris’ AnswerFAX 24-Hour On-Demand Product Information Service? 
| (407) 724-7800 


GIVE US A CALL ... Harris’ toll-free number is 1-800-4-HARRIS (1-800-442-7747). You can request literature, 


get information on sales locations, or be connected to our Central Applications Group. 


SEE US ON THE NET... Harris’ home page is http:/www.semi.harris.com or E-mail our Central Applications 
Group at centapp@harris.com for Technical Assistance. You'll find product information, design software, 
information on what’s new and much, much more. There are over 1,000 documents (datasheets, application 


notes, etc.) loaded with an easy-to-use search engine. 


For complete, current and detailed technical specifications on any Harris devices, please contact the nearest 
Harris sales, representative or distributor office. Literature requests may also be directed to: 


* Field Application Assistance Available 


Harris Semiconductor Data Services Department 


P.O. Box 883, MS 53-204 
Melbourne, FL 32902 
Phone: 1-800-442-7747 
Fax: 407-724-7240 
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We’re Backing You Up with Products, Support, and Solutions! 


Signal Processing Intelligent Power Military & Space IC Products 


Linear/RF 

Data Conversion 
DSP Functions 
Communication ICs 


Telecom Line Cafd.ICs 
Operational Amplifiers 
Multiplexers/Switches 


Sample and Hold 
Data Converters 
PRISM™ Chipset 


MOSFET Drivers 

Power Drivers ~ 

DC to DC Converters 
AC to DC Converters ; 
Protection Circuits, | 
Multiplex Communication 
Application Specific 
Standard Products 


Digital 
« CMOS Microprocessors 


Logic 

- CD 4000 

- HCS/HCTS High Speed 
- ACS/ACTS Advanced 

Signal Processing 

- Multiplexers i 

- Sample and Hold 

- Communication Circuits 

- Switches 

- Data Converters 

- Operational Amplifiers 


Power Products and Peripherals ° Memories 
¢ Power MOSFETs ¢ CMOS Microcontrollers - ‘SRAMs 
¢ IGBTs * CMOS Logic - 'PROMs i" 
¢ MCTs ¢ CMOS Memories ¢ Microprocessors and 
¢ Bipolar Peripherals * 
* Transient Voltage ¢ Microcontrollers xf 
Suppressors ¢ Discrete Power 
¢ MOVs - Bipolar j 
¢ Rectifiers - N-Channel MOSFETs 
¢ Surgectors - P-Channel MOSFETs 
e MLVs e« ASICs 
¢ Intelligent Discretes ¢ ESA SCC 9000 and 
QML Screening 


DB 316 
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PRISM™ is a trademark of Harris Corporation 
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